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The Progress of Science 


Atomic Energy and the Public Interest 


EverY genuine expert deserves respect so long as he is dis- 
cussing, his own subject; this applies to atomic scientists, 
just as it applies to journalists, electricians, printers, train 
drivers, farmers and all other specialists. But the authority 
of the expert does not extend beyond his own particular 
small and limited field of knowledge, and it is a matter for 
great regret that a number of people have forgotten this 
truism. The result has been that science and omniscience 
have become confused, which is not only unfortunate but 
dangerous. 

In 1945 the atomic scientists of the world decided that 
it was their duty to try to enlighten the public about the 
political and economic consequences stemming from the 
atomic bomb project. Their attempts to do this necessarily 
took them into territory that was as dangerous as it was 
unknown. Those atomic scientists who possessed true 
scientific humility never pretended to be omniscient, and 
in fact they fully admitted that their qualifications to discuss 
these subjects were seriously limited. It was this type of 
scientist who did a great deal of good by getting the public 
to think about the tormenting problem raised by the atomic 
bomb and by the remote prospect that atomic energy might 
be harnessed for industrial purposes. 

There can be no doubt, for example, that the American 
scientists who organised the monthly Bulletin of the Atomic 
Scientists have made a valuable contribution to world 
thought, for ever since 1945 this excellent journal has been 
the most important periodical providing for the discussion 
of the social relations of atomic energy. It has had the 
backing of many distinguished scientists: Dr. J. Robert 
Oppenheimer (who directed the Los Alamos bomb labora- 
tory during the war) presides over its board of sponsors, 
and his deputy is Professor Harold C. Urey; the sponsors 
include such world-famous names as H. A. Bethe, P. W. 
Bridgman, A. H. Compton, E. U. Condon, Albert Einstein, 
James Franck, Linus Pauling, G. B. Pegram, Leo Szilard, 
and Edward Teller. 

Moreover the Bulletin has had the support of scientists 
of note whose knowledge outside the field of atomic energy 
was vital to the successful running of a journal with such a 





wide interest; these include Professor H. J. Muller (who 
gained a Nobel Prize for his researches on artificial muta- 
tions brought about by radiation in living organisms) and 
Dr. Edward Shils, one of America’s most respected socio- 
logists. We of Discovery are proud to have been associated 
with this enterprise to the extent that several of our articles 
have been reprinted by the Bulletin and have thus established 
a place among the more significant articles contributing to 
the world-wide discussion of atomic energy matters. (These 
articles have now been listed in the bibliography of the 
United Nations Atomic Energy Commission.) 

When an Atomic Scientists’ Association was founded in 
Britain in 1946 we hoped that it would succeed in doing 
here what the scientists associated with the Bulletin of the 
Atomic Scientists were doing in the U.S.A. For that reason 
we gave the A.S.A. our support, and in the early days of 
the Association it could be claimed that a third of the 
A.S.A. membership had been recruited as a result of our 
support. One valuable thing done by the A.S.A. was a 
one-day ‘school for journalists’, at which leading experts 
gave lectures on various aspects of atomic energy; many 
men from Fleet Street attended that school, and one imme- 
diate consequence of this was an improvement in the manner 
in which newspapers and mass-circulation magazines 
approached atomic energy matters from then onwards. 
The lively interest taken by Picture Post, for instance, in 
atomic energy derived in part directly from that school, 
for among the ‘students’ present were several from Picture 
Post, including Tom Hopkinson, the editor. Dr. W. J. 
Arrol and the present editor of Discovery were responsible 
for getting the journalists to attend this school. Also im- 
portant was the Atomic Train Exhibition for the organising 
of which Professor J. Rotblat, of Barts. Hospital, deserves 
most credit. 

But not all the efforts of the A.S.A. have been so success- 
ful. The Association has failed, for instance, to provide a 
truly open forum for the discussion of atomic energy matters. 
There was, for example, the conference on radiation hazards 
which was held behind closed doors, both the Press and 
the public being excluded. Such a procedure is a negation 
of the first aim of the A.S.A., which—according to the 
statement in the latest issue of the A.S.A. journal—is “‘to 
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bring before the public of this country the true facts about 
Atomic Energy and its implications’. It seems amazing 
that the A.S.A. should aim at public enlightenment by means 
of private conferences! 

Moreover, the A.S.A. journal, Atomic Scientists News, 
has never succeeded, unfortunately, in reaching the high 
standard set by the Americans’ Bulletin of the Atomic 
Scientists. One reason has been the failure to implement the 
basic tenet of sound journalism—“‘‘fact is sacred, opinion 
free’’. Matters of fact and matters of opinion must have 
succeeded in confusing rather than enlightening the lay 
reader, for whom it is supposed to cater. Political opinions 
have been allowed to intrude to such an extent that some 
issues have read like pale copies of the first half, the political 
half, of the New Statesman. 

These things have not increased the prestige of the A.S.A. 
and they have not helped the recruitment of members for 
the A.S.A., which is now in financial difficulties and has 
just had to close down its office in order to save money. 
Many of the atomic experts who joined the A.S.A. at the 
outset of its career now withhold their support, and others 
are asking whether it performs today any useful function. 





The latest picture of a trial explosion 
released by the U.S. Atomic Energy 
Commission; this explosion took place 
early this year during tests at French- 
man’s Flat in the Nevada Desert. The 
A.E.C. statement gives no_ further 
details. It has been suggested that the 
explosion may correspond to that of a 
guided missile with an atomic warhead 
which burst after penetrating the 
ground, or to that of an anti-personnel 
bomb dropped from the top of a tower 
which disappeared in the explosion. 


The latest issue of the A.S.A. journal contains a signi- 
ficant article by one of its vice-presidents, Professor 
H. B. W. Skinner, F.R.S., who holds the post at Liverpool 
University which Dr. Bruno Pontecorvo had accepted 
before his disappearance from Britain and his reappearance 
afterwards in Russia. Professor Skinner expresses his 
anxiety about A.S.A. policy in regard to the general 
political question of the international control of atomic 
energy and “other political matters’. In particular he 
refers to a recent letter to The Times which was signed by 
two officers of the A.S.A., and which advocated com- 
promise between the conflicting international views on the 
control of atomic weapons and armaments generally. Pro- 
fessor Skinner points out that neither of the two scientists 
who signed the letter had had any part in the development 
of atomic energy. He then goes on to raise questions which 
all thoughtful scientists have been asking: these are his 
exact words— 

“Do such publications represent the views of genuine 
atomic scientists; may they not make them look foolish, and 
possibly even do a certain amount of harm in mislead: 
ing the Russians into thinking that workers in atomic 
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projects are not behind the policy of the government in these 
matters?” 

The next paragraph of the article is concerned with the 
fact that the Council of the A.S.A. is not representative of 
expert opinion in Britain on atomic matters. Professor 
Skinner makes the following observations: 

“There is of course in England to-day a genuine profession 
of Atomic Scientists, namely of those employed in the Govern- 
ment Research and Production Centres at Harwell, Risley 
and elsewhere. There are probably more than a thousand of 
such workers with academic qualifications, physicists, 
chemists, metallurgists and engineers. Although I have no 
statistics, | think that only a small proportion of those en- 
gaged in this profession are even members or associates of 
the Association, and certainly, though there are several 
Harwell members of the council, these are by no means in a 
majority, and, even worse, owing to their Civil Service pro- 
fession they are debarred from holding the more important 
offices in the Association, and from contributing any con- 
troversial article to the Atomic Scientists News. Therefore 
inmost ways the real Atomic Scientists have to be represented 
by others—partly ex-Atomic Scientists and partly people 
who have never had anything to do with this type of work. 
It would not be surprising if the council were not genuinely 
representative.” 

Professor Skinner then proceeds to question whether 
“there is really any such thing as an ‘Atomic Scientist’s’ 
point of view in political matters”. His comment here 
represents an opinion with which we agree completely. 
He says: 

“I do not think that an Atomic Scientist can judge better 
than anyone else whether now is the time to compromise on 
the subject of International Control of Atomic Energy or not. 
If he has an opinion on this matter, it is only a political 
opinion of his own such as might be held by anyone else. Now 
obviously the political views of the members of the A.S.A. are 
extremely varied. To think that there is any integrated 
Atomic Scientists’ attitude to such matters is surely absurd. 
All that results is a wishy-washy compromise between the 
diametrically opposed opinions of various members of the 
council. Any political pronouncement, therefore, is likely 
10 look foolish, and may do a certain amount of harm.” 

Professor Skinner has in fact clearly defined the right to 
express political opinions of the scientist who belongs to a 
democratic society. The scientist’s right is exactly the same 
right as that possessed by every sane adult member of that 
society. In political matters his opinions have exactly the 
same right to be heard as have the opinions held by every 
other member of that society; he is entitled to precisely 
nothing more and nothing less than that. Professor 
Skinner underlines this by the following remark: 

“There seems to be a tendentious idea in some scientific 
minds that a ‘scientist’ as such has something special to 
contribute to the solution of world problems in general, apart 


from his specialised technical knowledge. I do not believe 


that there is any evidence that this is the case.” 

Professor Skinner recommends the A.S.A. to abstain 
altogether from political subjects, and to concentrate on 
Providing the public with information instead of political 
opinions. We agree with his view that opinions about such 
matters as the control of atomic weapons are of only limited 
interest, “‘since the problem of the control of atomic energy 
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cannot any more be regarded as isolated from other world 
affairs. No one can doubt that the atomic bomb is now an 
essential element in the world balance of power, and there- 
fore, that the banning of its use is not a subject lightly to ke 
dabbled in for sentimental or idealistic reasons, however 
cogent these may seem to be.” 

Professor Skinner provides a list of subjects about which 
the A.S.A. might try to inform the public; these include 
the effects of atomic bombing, the assistance to civil defence 
on atomic energy matters, the future of atomic power, the 
biological and medical effects of radioactive doses, and 
their uses in diagnosis and cure. In effect, he is asking that 
the A.S.A. should look at its stated aims and try to imple- 
ment them. Professor Skinner is certainly right when he 
says that the subjects just mentioned “are all legitimate 
subjects on which the point of view of the Association 
would be worth while’’. He is equally justified in adding 
the rider that the A.S.A. “‘views on political matters are 
simply worth nothing at all’’. 

Professor H. W. B. Skinner’s views are supported by 
Professor Sir George Thomson, F.R.S., who says in the 
same issue of the A.S.A. journal: “It comes, as I see it, 
to this. If we can be factual we have a useful future, if we 
insist on trying to be political we have none.” 

Dr. E. H. S. Burhop (the scientist who was stopped by 
the Foreign Office from going to Moscow in July on a trip 
organised by two pro-Soviet societies), Professor N. F. 
Mott and Dr. Kathleen Lonsdale express disagreement 
with Professor Skinner and Sir George Thomson, but they 
fail to answer any of the fundamental points made by 
Professor Skinner. 

The editorial in the same issue of Atomic Scientists News 
admits that “sometimes the political issues have obtruded 
too prominently to allow of general agreement within the 
Association’’. It goes on to maintain that the journal “‘is not 
a battleground for party politics’, but a journal in which all 
viewpoints on the relationship between atomicer __ and 
society should be represented. But, in view of the fact that 
the journal, according to this same editorial, is “‘un- 
doubtedly the principal medium through which the Asso- 
ciation can hope to fulfil its aims of providing the public 
with accurate knowledge on atomic energy matters and 
contributing to the solution of the problems which the 
release of atomic energy has created”’, the editor of Atomic 
Scientists News and the Council of the A.S.A. must be 
prepared to accept the responsibilities that are inseparable 
from the publishing of a journal intended for the public. 
The hazards that can arise from inadequate and biased 
statements about atomic matters are every bit as dangerous 
as the physical hazards associated with atomic radiation; 
the first kind of hazards need to be taken as seriously as the 
A.S.A. take the latter. If the A.S.A. wishes to be recognised 
and respected as a reliable source of atomic information, 
it will have to live up to its impressive title. In the world of 
science respect is given to accuracy of fact, and honesty of 
hypothesis. Both these qualities are implicit in good 
journalism. The A.S.A. needs to collect its facts as 
scrupulously as would its individual scientist members 
if they were preparing a paper for a scientific society 
or a scientific journal, and afterwards it must make 
sure that the collected facts are presented as clearly and as 
simply as possible and according to the best traditions of 
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honest publicity, which are, of course, identical with those 
of good journalism. Because of its dual character, which 
derives from the fact that the A.S.A. borrows from two 
worlds, the world of science and the world of publicity, it 
needs to make doubly sure that all its propaganda is both 
factually accurate and honest wherever opinion has to be 
expressed on controversial matters. 

The A.S.A. has one further responsibility, which is a 
particularly grave one. Plutonium and uranium are 
political dynamite, as Sam Goldwyn might say, and anyone 
who wants to try to influence public opinion on so com- 
plex and difficult a subject as atomic energy and its social 
implications must be ready to prove that he is entitled to 
the privilege of being allowed to state his case in public: 
firstly, he must provide proof that he is qualified to speak 
on the subject, and secondly he must be prepared to prove 
that he is actuated solely by public interest and not by any 
vested interest. (If he has a vested interest, then it is his 
. duty to declare that interest, so that his audience shall be 
able to make due allowance for the bias which that vested 
interest may prompt him to introduce into his case. Thus, 
a scientist discussing the political implications of atomic 
energy may find himself asked about his own_ personal 
party-political affiliations: in that event he is duty-bound to 
declare either that he has no such affiliation, or that he is a 
member of a political party, in which case he ought to state 
to which party he belongs. It may happen that his dis- 
closure of vested interest brings a refusal from his audience 
to listen to his case; in that case he must abide by their de- 
cision, for freedom of speech is a matter of privilege; it is 
not a birthright, neither is it a right guaranteed by law in 
Britain, though it is so guaranteed under the Constitution 
of the U.S.A.) 

The Atomic Scientists’ Association must take all these 
points into consideration before finally deciding what course 
its future activities shall take. If the A.S.A. retains as one 
of its aims the influencing of public opinion, then it must 
accept the inevitable consequences and the responsibilities. 
Public interest must pervade all A.S.A. activities; indeed 
the A.S.A. should plan its every action with the interests of 
the British public in mind. This particularly applies to 
public statements issued by the Atomic Scientists’ Asso- 
ciation, for any statement sent out by the A.S.A. to the 
Press, for instance, tends to be accepted by the general 
public as representing the considered general opinion of 
reliable experts. It is up to the A.S.A. to justify by its 
actions the impressive and imposing title which this 
organisation uses. 


Helmholtz and the Opthalmoscope 


A CENTURY ago the ophthalmoscope was invented—by the 
great German physicist and physiologist, HERMANN 
LUDWIG VON HELMHOLTZ (1821-94). According to the 
note on this instrument in Wyndham Lloyd’s A Hundred 
Years of Medicine, Helmholtz “‘argued that since the eyes 
of an animal shone by reflected light when the surroundings 
were dark, then if a suitable optical system were devised, it 
would be possible to see into the interior of the living 
human eye’’. He solved this problem by placing the source 
of light at the side of the patient’s head, and reflecting the 
light into the eye by means of a concave mirror. This 
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mirror had a small hole in the centre through which he 
could observe the retina. The instrument has proved very 
important in general medical practice, for certain diseases 
such as diabetes, kidney diseases and arteriosclerosis, cause 
characteristic changes in the appearance of the retina and so 
the ophthalmoscope provides a valuable diagnostic method. 
With some justification Helmholtz may be credited with hay- 
ing started the modern subject known as Medical Physics, 

Prior to that invention Helmholtz had already carried 
out researches which had shed light on the physics and 
physiology of human eyesight; for example,-he had come 
to important conclusions with regard to the mechanism 
of binocular vision. 

There was a truly Midas touch to his talent as a physio- 
logist. He was successful even when he tackled such thorny 
problems as the measuring of the speed at which a nervous 
impulse travels along a nerve—this problem involved 
measurement with an accuracy of a thousandth of a second. 
Sir Cyril Burt, writing in the new book, A Century of 
Science (Hutchinson’s Scientific Publications, 1951) remarks 
that “This, and Helmholtz’s later work on vision and 
hearing, made it clear that the detailed nature of our 
conscious activities is largely determined by the anatomical 
structure of the sense organs, of the nervous system, and 
above all of what is loosely called the brain.”” Here again 
it can be appreciated that Helmholtz opened up a new 
field of research which has proved extremely rich in 
discoveries. 

Helmholtz, who was related to William Penn on his 
mother’s side, began his career in the Prussian Army. In 
1849 he was appointed professor of physiology at Konigs- 
berg, and afterwards he occupied the chair in that subject 
successively at Heidelberg University and Berlin University. 
In 1887, while still a member of the staff of Berlin Univer- 
sity, he took on the extra responsibility of directing the 
Physico-technical Institute at Charlottenburg, and he held 
both posts until his death in 1894. 

His academic career was enormously fruitful, hardly a 
year passing without a paper from his pen being published. 
His interests were very wide. Thus in 1847 in a lecture to 
the Physical Society of Berlin he put forward a remarkably 
clear concept of the conservation of energy; he used the 
term Kraft (literally, ‘force’), but in the sense of ‘energy’. 
Energy he classified under two heads—kKinetic energy 
(energy of motion) and potential energy (energy of position 
or configuration.) To the sum of these two sorts of energy 
he applied the term innewohnende Kraft, which in a closed 
system remains constant—the Principle of Conservation of 
Energy. Helmholtz also recognised that energy existed in 
different forms, such as heat, light, electrical energy and 
chemical energy. 

He also put forward a hypothesis to account for the 
energy radiated by the Sun; he considered that this energy 
was liberated in the process of the Sun’s contraction under 
the force of gravity. This hypothesis was later developed 
by Lorp KELVIN, and held sway for sixty years; it 1s now 





superseded, of course, by the hypothesis of nuclear | 


physics which explains the radiation from the Sun as the 
energy that accompanies the actual destruction of matter 
in the cycle, whereby light atoms (e.g. hydrogen) are 
transformed into heavier atoms (e.g. helium). Even this 
brief survey of his activities demonstrates how great is the 
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The technical problems of a big factory, such as this new chemical factory in South Wales, are simple compared 
More research in the many different aspects of industrial sociology is urgently 
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needed so that industry can make the fullest use of scientific and technological advances. 


debt which world science in general, and German science 
in particular, owes to Helmholtz. 


Technology and Industrial Order 


SoME PEOPLE think, talk and act as though they were quite 
certain that a Golden Age of Plenty is just around the 
corner. They pin all their faith on technological industry, 
which they consider promises a limitless flow of products 
—products that are based on the intensive efforts of 
scientists and inventors and that are brought into large- 
scale manufacture by the intensive efforts of development 
engineers. Only one factor stands in the way, according to 
this Wellsian view of the future: the forces of reaction and 
vested interest. There are others who sense that the philo- 
sophy of the Technological Age now under way contains 
some faults that are ineradicable because they are an 
essential part of the philosophy; they see the new era 
deriving too large a part of its inspiration, motive force 
and justification from the statistical analysis of human 
beings en masse and machines en masse. Current thought 
on these matters is so confused that it is difficult to decide 
to which of these two classes of thinkers one should attach 
the adjectives ‘optimist’ and ‘pessimist’. One side seems to 
envisage no limit to human progress, providing only that 
human nature can change (or be changed); the other 
accepts that human behaviour is first of all human and 
hence likely to prove fundamentally unchangeable. The 
difference between what the two categories expect the 
future to bring is every bit as big as that between, say, 
Wells’s The Shape of Things to Come and George Orwell’s 


1984; it is the kind of difference which separates the person 
who believes in revolutionary change from the person who 
believes in evolutionary change. 

Some chart to the future is badly needed, so that we can 
choose a road which will avoid the more obvious pitfalls 
and so enable us to derive the maximum benefit from the 
Age of Technology. The scientists to choose such a chart 
are the economists and sociologists, yet so far they have 
not been able to guide our footsteps very effectively. Just 
on a century ago the Prince Consort, addressing the British 
Association, expressed the hope that these sciences would 
develop and “succeed in obtaining a purely and strictly 
scientific character’. The failure to achieve that aim is the 
main reason why those two categories of scientists have not 
been able to make reliable predictions, which would be 
useful to the world at large and to the,scientists concerned 
since proof of their ability to make reliable predictions 
would justify the claim of these subjects to be scientific. 
Unfortunately neither of these branches has yet reached 
maturity; too large a proportion of trained economists and 
sociologists have gone into industry and government 
service, with the result that independent academic research 
in these subjects has never had an adequate chance of 
developing to the pitch when good hypotheses arise from 
bad hypotheses—which must be reached before economic 
and sociological ideas can be usefully applied. 

One of the truly independent thinkers with deep under- 
standing of matters-economic, social and political is Peter 
F. Drucker, who provoked much thought with his The End 
of Economic Man, published in 1939. Now comes a new 
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and inspiring book from his pen—this is called The New 
Society,* and in it he dissects out the structure of our 
technological age and the industrial order which character- 
ises Our Civilisation. (Symptomatically the dedication of 
the volume is to the author’s children . . . ““may theirs be 
a world free from fear’, and Drucker makes it quite 
emphatically clear that unlimited development of industrial 
technology on its own can offer no promise of removing 
the basic fears which are characteristic of today.) 

The book opens by considering how the rapid spread of 
modern technological industry has changed the face of the 
world. How rapid that spread has been can be appreciated 
from this fact: at the time of World War I industry on the 
modern pattern was confined to a narrow belt on either 
side of the N. Atlantic (the sole exception being Japan), 
whereas today modern industry can be seen in nearly 
every country. The representative unit of industry in 1914 
even in the most advanced industrial countries was the 
family-owned or family-managed medium-sized factory 
with fewer than 500 workers and differing from the work- 
shop of pre-industrial days mainly in its use of mechanical 
power. 

“Today the situation is reversed. The areas not under- 
going rapid industrialisation are few and isolated; the 
representative, the decisive, industrial unit anywhere is the 
large mass-production plant, managed by professionals 
without a stake in ownership, employing thousands of 
people and altogether organised on entirely different 
technological, social and economic principles. The change 
has been so great that, in retrospect, the typical factory of 
1910 seems to have been closer to its great-grandfather, 
the artisan’s workshop of pre-steam-engine days, than to 
its own son: the modern mass-production plant. The new 
industrial territories, only yesterday rural and largely 
innocent of machine and factory, are jumping directly into 
the mass-production age without going through the first 
‘Industrial Revolution’.” 

The technological basis of mass production is not really 
new. The kind of machines which men like Mandslay 
and Witworth invented set the stage for the mass 
production of articles to standardised design and with 
standardised dimensions; moreover the production of the 
accurately standardised and therefore interchangeable parts 
which these machines made possible solved the problem 
of maintaining (as well as constructing) the machines which 
provide power for production machines. The techno- 
logical foundation was all ready by the time the auto- 
mobile had been designed, and early in this century Ford 
started his motor-car factory which set the pattern for all 
modern mass production. In the very earliest days of the 
Ford factory, the ‘assembly line’ was something rather 
different from that with which most readers will be 
familiar. We find that the original scheme was as follows: 
“the assembly of motor cars was handled by gangs of men 
with trucks who ran around the plant leaving various 
parts near every car in process of assembly. One gang 
would leave frames, another motors, another rear axles, 
and so on. The assembly crews moved from car to car, 
and one slow unit could hold up the entire line.” 

This system was based on the principle that in the 
factories typical of the period a great deal of time and 

* Heinemann, London, 1951; 15s. 
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energy was wasted by workers walking about and going to 
materials and to the job. Ford improved the assembly line 
by bringing the work to the man on a conveyor belt by 
which he stood ready to do his particular jobs before the 
work moved along the belt to the next man who carried 
out the next operation, and so on until assembly was 
complete. 

The important thing to realise is that Ford’s method of 
mass production was an innovation, not because of any 
new tool or technological novelty, but because it estab. 
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lished a new way for organising people to work together, | 


It altered the relationship of the worker to the manufac. 
turing processes; it saved time and effort—and it produced 
a motor car at a price very much lower than that of any- 
thing similar on the market. As Drucker says, ‘Only 
[Ford’s] concept of human organisation for work was 
new.” The Ford system, which dates back about forty 
years, revolutionised industrial production. It found speedy 
and widespread application in the armament factories of 
World War II; indeed his method had to be applied in order 
to provide weapons in sufficient numbers to meet the needs 
of the huge conscript armies involved in that conflict. 

It is the pattern of organisation of the modern factory that 
is productive. This fact introduced a new bill into 
industry: this skill, the skill of industrial management as it is 
commonly called, is the ability to see, to understand and 
to produce a pattern, which requires “imaginative ability, 
almost of an artistic order’. Drucker quotes the follow- 
ing story about the production difficulties that had to be 
met when the U.S. Navy required a carrier-based plane, to 
bring home this point. “‘When Pearl Harbour came, this 
plane was the only tested model suitable for warfare in the 
Pacific; yet only a dozen or so had actually been made— 
and by a small firm of aeroplane designers. At once the 
Navy needed not dozens but thousands of these planes. 
The original designers were quite incapable of producing 
such quantities; they did not even have the blueprints 
needed for mass-production, as they had built each plane 
by hand in their small workshop. One of the large com- 
panies took over, converted hastily some of its best plants, 
put its best engineers, mechanics and skilled workers to 
work and began producing the plane. Yet not one plane 
could actually be turned out until the theoretical work— 
the analysis of the plant; its breakdown into the component 
parts; the breakdown of each part into sub-assemblies; 
the breakdown of the sub-assemblies into individual 
operations and motions; and the reintegration of opera- 
tions into sub-assemblies, or sub-assemblies into parts, 
of parts into the plane—had been completed. It was work 
done entirely on paper—with some hundred tons of blue- 
prints as the yield. It was done entirely on the basis of 


general principles. Aeroplane experts proved of no value | 


whatsoever. The actual job had to be done by men who 
had never worked on plane production before. It was a 


slow job, taking almost a year during which nothing was | 


produced. But once it had been done, the plant went 
almost immediately into full production; five weeks after 
the last blueprint had been completed, the plant turned 
out planes at the rate of 6,000 a year.”’ 

The operation of the organisational principle which 
makes possible modern mass production has far-reaching 
consequences. First and foremost, it puts the worker in 
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the position that he is unable to produce anything at all 
on his own; this implication is realised as soon as one starts 
trying to think of examples of categories of work to which 
this general rule does not apply. This rule dominates our 
technological industrial age, for, as Drucker says, “the 
worker by himself cannot produce. He must have access 
to that highly complex organisation of men, machines and 
tools we call a plant.’’ The very word ‘plant’ applied to a 
factory is recognition that the factory has acquired some 
of the features of a living organism, with a structure, a 
rhythm and a life of its own. 

The rule that applies to, say, the worker on a production 
line in an automobile factory also applies to such categories 
of skilled workers as engineers and industrial chemists.* 
These, too, are not productive unless they are integrated 
into the industrial enterprise—this applies to everyone in 
the enterprise, in fact. Thus in a sense each worker is 
just a cog in the plant. One result is that social prestige 
and social power no longer derive from the individual’s 
work: instead both stem from the individual’s job—his 
position in the hierarchy of the industrial enterprise. 
Social prestige and power “‘flow only from his membership, 
status, prestige and power within the organisation”’. 

Hence today it is no longer possible for a worker who is 
a member of an industrial enterprise to obtain the same 
kind of satisfaction which the traditional craftsman used 
to get out of his work. Drucker’s conclusion is that 
“industrialisation destroys the social prestige of traditional 
occupations and skills, and with it the satisfaction of the 
individual in his traditional work. It uproots—quite 
literally—tthe individual from the social soil in which he 
has grown. It devaluates his traditional values, and para- 
lyses his traditional behaviour.”’ There can be no doubt 
but that this feature was inevitable with the coming of the 
modern industrial system. Yet this feature has not been 
given the attention it deserves by the social scientists, with 
the exception of such men as Georges Friedmann. t 

Drucker has much to say about what he calls the “‘triple 
personality’’ of the large modern industrial enterprise. 
First of all, it is an economic institution. Secondly, a far less 
obvious characteristic, it is a governmental institution 
“inevitably and necessarily discharging political functions. 
It is a law-making body, laying down rules for the indi- 
vidual’s behaviour and for the settlement of conflicts. 
It establishes and inflicts the penalties for the infraction 
of these rules. With separation from the enterprise through 
dismissal carrying the threat of unemployment—that is, of 
denial of access to effectiveness—the penal power of the 
enterprise is great indeed. It has what the lawyer has 
always considered almost an alternative to the ‘high 
jurisdiction’, namely the power of banishment and of 
suspending a man’s civic rights. The enterprise also has 


* Drucker calls attention to the mass-production lines on which 
research can be organised. He cites in this connexion such labora- 
tories as those of the Bell Telephone System and General Electric 
Company (in America). He also makes the point that the atomic 
bomb was only made possible by intensive research organised on 
mass-production lines. 

+ Friedmann’s book La Crise du Progres (1936); and his paper 
Automatisme et Travail Industriel, Cahiers Internationaux de 
Sociologie, Vol. I (published in Paris in 1946). 
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considerable executive powers over its members. It makes 
decisions and sets policies that affect the individual’s 
livelihood, his future and his social and economic standing. 
It tells him what to do, when and where. It organises an 
amorphous mass into a functioning and productive group. 
The governmental nature of the enterprise shows in the 
conflict between management and union, which is primarily 
a conflict over power.”’ 

There is general reluctance to face this issue, an attitude 
which Drucker considers to be as dangerous as it is short- 
sighted. The danger is particularly great in a ‘free-enter- 
prise’ society, and he argues that failure to accept the 
responsibility for working out the problems of political 
structure and government within the industrial enterprise 
will almost certainly destroy a ‘free-enterprise’ system: this 
seems to be a sound axiom, for failure by industrialists to 
solve those problems must lead to public pressure on the 
national government, which would be forced to intervene 
in the affairs of industrial enterprises. 

Thirdly and lastiy, the industrial enterprise is a social 
institution. That this is commonly recognised in modern 
industry is proved by the growth of ‘personnel administra- 
tion’. Important researches have been done in the field 
of ‘industrial sociology’: there was, for instance, the classic 
Hawthorne Study made in the Western Electric Company 
in Chicago under the direction of Elton Mayo. In Britain 
pioneer work was done by Dr. C. S. Myers and his group 
of industrial psychologists. The most important French 
work is that of Georges Friedmann, whom we have already 
mentioned. One of the things that emerges most clearly 
from all these investigations is that the individual employee 
craves for social status and social function: without this 
fulfilment there are deep individual and social dissatis- 
factions, tensions and frustrations, which can poison the 
entire social organisation of the enterprise. Thus this 
fulfilment is essential if the industrial enterprise is to be 
healthy: it is just as essential to the collection of workers as 
it is to the individual worker. All members in the enter- 
prise need to have a ‘managerial attitude’: they must look 
upon themselves as citizens rather than as_ subjects. 
Drucker’s most important conclusion is that “the human 
resources are the greatest asset [of the enterprise]—and the 
one least used’’. The major incentives to productivity and 
efficiency he considers to be social and moral rather than 
financial. This opens up a tremendous field for investiga- 
tion by social scientists, and it would be interesting to be 
able to look back fifty or a hundred years from now and 
see just how far economists, psychologists and sociologists 
had reached with their researches and how far their pre- 
dictions were reliable when used as maps for guiding 
exploration in the field of industrial management. For 
upon the success of their inquiries so much will depend. 
They might find a useful pointer in the fact that the 
fighting services during a war have been more successful 
in solving problems of personnel management than have 
peaceful industrial enterprises; some study of the camara- 
derie which is inseparable from units of the fighting services 
operating in a theatre of war would be very much worth- 
while since that camaraderie is one of the most effective 
social cements holding a community together. 








Fifty years ago—in March 1901, to be exact—Scotland Yard set up a Fingerprint 
Bureau, and the fingerprint system was officially adopted for criminal identifica- 
tion purposes in July 1901. Finger impressions had been studied since early in the 
nineteenth century: Professor Purkinje in 1823 suggested a system of classification 
based on nine standard types of print. After further research by Francis Gatton, a 
fingerprint system was used in India for police and other purposes (e.g. in post 
offices and in business). First standard work on the subject was Classification and 
Uses of Finger Prints, by E. R. Henry, Commissioner of Metropolitan Police in 


Fingerprints are Infallible 


1900. 
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SINCE it was first adopted by Scotland Yard some 50 years 
ago, the fingerprint system has proved itself an adequate, 
compact and highly efficient system of identification. But 
it is obvious that during so long a period, and in face 
of a system that is remarkably efficient for identification 
purposes, people should have made attempts to defeat it: 
some have done so for the purpose of concealing their own 
identities, while others have made the attempt for the more 
direct object of initiating forgeries. 

Let us consider forgeries first. The forgery of a finger- 
print can be done in many ways, though forgery capable of 
defeating the expert investigator is often claimed to be 
almost impossible. 

Fingerprints can be forged—by copying. Technically, 
there is no real problem in making a mechanical reproduc- 
tion of a given print. One criminal obtained a copy of the 
right index finger of a fellow criminal, impressed with 
Indian ink. From this he made a rubber stamp of the 
print, cleaned it with spirit and then set out to commit a 
crime. Wearing protective gloves, he proceeded to collect 
his loot. He then took the rubber stamp, and after he had 
held it against his cheek for some moments, until it was 
warm and ‘damp’ from contact with his face, he pressed 
the stamp carefully on the surface of a polished desk where 
the police might reasonably expect to find a fingerprint. 
The man was caught by chance as he was leaving the 
premises, and the fingerprint was found. The fact that the 
criminal was wearing gloves aroused suspicion and the 
police proceeded to examine the print carefully. It revealed 
two real flaws which invalidated it. In the first place, the 
pressure on the stamp had ‘bent’ the rubber lines (repre- 
senting the ridges of the fingerprint) in such a fashion that 
the impressions appeared blurred or slightly rounded under 
a hand lens. The second fault was the excretion caused 
because of the moisture picked up by the stamp when the 
criminal held it against his face; this moisture gave the 
print a spotty and uneven appearance. Both these flaws 
could not possibly have occurred in a natural fingerprint. 

There have been many claims that fingerprints can be 
forged. All these claims without exception may be dis- 
missed as absurd, if the rider is added that forgery that 
cannot be completely proved is always detectable. 

Transferred latent prints have been attempted, and this 
is a quite simple process according to the experts. But it 
must be added that photomicrography instantly reveals 
this type of forgery. 

Another rogue knew of the rubber-stamp method 
previously described, and, being a forger and an expert 


penman, was fully determined to create a wholly non. 
existent fingerprint which could be left as a clue in his 
crimes—his argument for leaving it was that the police 
would concentrate on the planted clue, and worry less 
about other factors, a process of fallacious reasoning which 
is not rare among criminals. The man drew, with his own 
hand, a fingerprint. This was a remarkable piece of work 
which took him a long time. When it was finished, he made 
the usual rubber stamp and proceeded to use it in the sort of 
way that I have already described. When the examiner was 
confronted with an example of this fingerprint, he found it 
was the size of an adult fingerprint but that the ridges were 
extraordinarily crowded: there were even more ridges per 
unit width (five millimetres) than there are in the finger- 
print of a new-born child.* What is more, the forger had 
left a number of lines ‘in the air’ because he did not know 
where to connect them, or how to round them off. 
There have been many attempts at forgery on similar 
lines. There is for instance the use of prepared gloves 
which bear, glued to the fingers, thin laminae of latex con- 
sisting of forged prints so that the gloved hands may be used 


as if they were normal hands. But this technique has never | 


succeeded in fooling the police. 


Cellulose tape has been used for purposes of forgery. In 


this case the tape is rubbed, tacky side down, on an existing 
fingerprint which has been made naturally by some person 
other than the criminal. The print is thus ‘picked up’, and 
by breathing heavily on the tacky surface and then pressing 
it on a bottle or smooth glass, a faint copy of the original 
print is left. Here again, the forgery can be detected under 
a hand lens as thé pressure of the tacky surface on glass 
can be seen and the deposited print is highly suspicious 
because such a faint, odd-seeming fingerprint as is pro- 
duced could only be left by this particular technique o! 
forgery. 

It can be stated that no system of producing imitation 
fingerprints yet invented by man is capable of leaving 2 
print of the same clarity, purity and precision as the natural 
process of pressing the living finger on a suitable surface, 
and as forgery is usually concerned with latent prints, the 
forgery is always distinguishable to the expert investigator. 

I have seen it argued that if a latent print is found. 
dusted with powder and photographed, the powder ma) 
overcome the imperfections in the print. This may be so, 
to the eye or the hand lens, but enlarged photographs wil! 


* The number of ridges falling within the space of five millimetres 
is 15-18 for a new-born child, and 9-10 for an adult—(or 6-7 in an 
adult with very large hands). 














ly non- 
ie in his 
1e police 
Ory less 
ng which 
) his own 
of work 
he made 
1e sort of 
liner was 
found it 
ges were 
dges per 
e finger- 
rger had 
ot know 


1 similar 
d gloves 
itex con- 
y be used 


aS Never | 


gery. In 
existing 
e person 
up’, and 
pressing 
original 
-d under 
on glass 
Spicious 
is pro- 
1ique of! 


nitation 
aving a 
natura! 
surface, 
ints, the 
stigator. 

found. 
ler ma) 
y be So, 
Dhs will 


llimetres 


7 in an 











PHOTOGRAPH OF ROSCOE PITTS 
NOTE SCAR ON RIGHT SIDE OF FACE? 


452 508 











PHOTOGRAPH SHOWING nESULT 
F GRAFTING THE FINGERS OF 
T pa} - + T Tee ~ GrHt 





OF THE CHEST F R THE 
+CSE OF ML TING 


HIS FINGFRT irs 





PHOTOGRAPH OF THE FINGERPRINTS 
OF PITTS AS THEY APPEARED 


BEFORE MUTILATION 






































452 508 - 
ROBERT 4 PITTS e ¢ ues 
PAUL CLE, JACK PEERIGE “328 wee 
T GANKS, 808 PH 
en 
aT ie les a5 al 
f * ¥ ” a 
! *, i 2 ; , os 
BELELS eo diva & ‘ 
= ee ee, 
~, | ~~ 
he | @ 
a . ag 
AS o£ Be. 2 
3 on aa inlhanheintpgnsindlioremaligaave 
PHO Ti YGRAPH OF THE LEFT Ste é Sean gah 
HAND SHOWING HOW THE rm = —jwe 
FINGERTIPS APPEARED AFTER e i 
THE OPERATION a 3 @i; 
2 ‘ w - » ‘ + § 


CHART A 


PHOTOGRAPH OF THE FINGERPRINTS 
OF PITTS SHOWING THE RESULTS 
OF THE MUTILATION 





A 
ye 
Z 
e 
2 oo 
| ‘ 
8 ? ¢ 5 
CHARTED ENLARGEMENT OF THE 
EFT RING FINGERPRINT SHOWING 
1OW IDENTIFICATION WAS See ae ee Pa 
BY USE OF CHARACTERISTICS OF TH ee » Wane en 
SECOND JOINT (NOTE APPEAR ANCE | CLOSE-UP VIEW O HREE OF 


THE MUTILATED FINGERTIPS 


2 
x 
ab 
y 
WY 
| 
e 
D = 4 
> 
~ 
\%; 














PHOTOGRAPH SHOWING RESULT 
OF GRAFTING THE FINGERS OF 
THE RIGHT HAND TO THE EF 
SIDE OF THE CHEST FOR THE 
PURPOSE OF MUTILATING 
HIS FINGERTIPS 





PHOTOGRAPH OF THE RIGHT 

HAND SHOWING HOW THE 

NGERTIPS APPEARED AFTER 
THE OPFRATION 


CHART 8B 





CHARTED ENLARGEMENT OF THE 
EFT RING FINGERPRINT SHOWING 
HOW IDENTIFICATION WAS EF FEC 


> 
< 


BY USE OF HARACTERIST CS THE 
SECOND JC NT ‘(NOTE L APP EF ARAN v vs 
Vv | c ; j Ny T AFT. rE “ad Mf rij Alily x 


The police record card of Roscoe Pitts. illustrating the points alluded to 


overleaf. 








278 


always reveal the forgery, again by the imperfect deposit 
of powder along the lines of the ridges. 

Even if a forged fingerprint were so good that it fooled 
an expert, photographic enlargement would reveal the 
forgery. Forgeries do not carry the fine details of the pores 
which distinguish the natural print. This fact invalidates 
forgeries where a print is not latent, but left as if accident- 
ally through touching some substance—for example, 
blood, ink or grease—in an attempt to defeat the faults of 
the latent print. Such prints, produced from rubber 
stamps, let us say, might seem remarkably real when left 
after pressure on grease. The plan is instantly defeated 
because the pores of the skin cannot be simulated by such 
tricks as the rubber-stamp technique. Until this feature 
of natural skin can be reproduced effectively, fingerprints 
will never be forged in such a manner that the expert is 
fooled. 

On the other hand, actual interference with the criminal’s 
own fingerprints is a much more common procedure, and 
here law enforcement bodies have encountered some re- 
markable attempts at evasion. First, let it be said that the 
fingerprint is virtually as indestructible as fiesh—that is to 
say, so long as the flesh is living and not wholly cut away, 
the fingerprint remains. 

Dr. Edmond Locard, who directs the Laboratoire de 
Police Technique in Lyons, made careful investigations, 
together with Dr. Witkowski of Lyons, into the perma- 
nence of the prints on the fingers. They subjected their 
fingers to the action of boiling water, hot oil, and to pressure 
on hot plates. It was proved that while these actions did 
destroy the prints on the epidermis, the patterns impressed 
on the corium were unaffected; moreover they found 
that, once the burns or wounds had healed, the original 
pattern, complete in all its original details, returned to the 
epidermis. 

Parallel with this is a case almost unknown in this 
country. The details were given me by J. Edgar Hoover. 
This case may well become a classic recommendation of 
the fingerprint system. 

A criminal with a number of aliases, Roscoe Pitts, was 
arrested in October 1941 in Austin, Texas, for being with- 
out a U.S. Selective Service Card (an offence against the 
law). Pitts said his age was 32 and flatly refused to give 
the investigating officers any further information. Natur- 
ally he was ordered to have his fingerprints taken so that a 
check-up could be made by comparing it against the 
Department of Justice files in Washington, which contain 
the prints of some 70,000,000 Americans. Then it was seen 
that Pitts had no fingerprints at all, but only scars resulting 
from some sort of surgical interference. The Federal 
Bureau of Investigation was called in, and experts ex- 
amined Pitts’ fingers. It should be understood that when 
a fingerprint is taken the whole of the top digit is rolled 
from left to right on the record card; obviously, a portion 
of the second digit is also imprinted on the card. Though 
Pitts’ fingerprints had entirely gone so far as the top 
digits were concerned, there still remained portions of the 
second digital imprints. The F.B.I. took the man’s prints 
again in the usual way, and, in Washington, the useless top 
digits were ignored. By long and careful checking through 
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many thousands of cards, the record of Pitts was up. 
earthed. It was found that, nine years previously, he had 
been arrested under another name, gaoled, and dis. 
charged. 

It was also discovered that Pitts had been arrested ip 
March 1941 and released, at which time he had the prints 
on his fingers which were absent in the following October. 
Pitts admitted that, with the deliberate aim of beating the 
fingerprint system, he had gone to a New Jersey doctor 
named Branderburg (who later served three years for his 
offence) and got him to mutilate his fingers so that his 
fingerprints would be completely altered. This was done 
by removing the whole of the flesh of the five top digits on 
each hand, and, one hand at a time, being bound to the 
body (as the illustration will show). When the ‘graft’ was 
completed, the other hand was similarly treated. The sole 
result of the painful and dangerous operation was that 
Pitts drew expert attention to what he had undergone. He 


was in fact arrested before he had committed any crimes, | 


but had he had a chance to commit a crime he could have 
used his fingers with reasonable certainty of leaving no 
identifying prints. The only reward of his wild scheme was 
to prove that the resources of the fingerprint system are far 
greater than the criminal, even when the latter is aided by 
an unscrupulous medical man. 








| 


| 


Other criminals have tried the same sort of tactics, but | 


with little result, and this bears out the fact of fingerprints 


as a permanent record of identity, proof against forgery | 


and surgical action. 

Yet even the fingerprint is not wholly proof against the 
natural luck of a highly ingenious criminal. In the little 
known case with which I propose to conclude, a series of 
crimes occurred where a fingerprint was nearly always dis- 
covered on the scene of the crime. Examination of the 
print suggested it came from the finger of an enormously 
tall man—the print was a very big one indeed, and always 
made by natural means. Police forces were alerted and a 
search was made for a giant, though some of the burglaries 
indicated that only a small man could have used the means 
of entry. 

By chance a criminal was caught on the scene of a crime, 
just as he had completed his robbery. He was arrested, and 
investigating officers found the familiar print on the edge 
of a desk. As the man was only five foot five inches tall, an 
accomplice was indicated. One scientific criminologist had 
an inspiration. He made the criminal take off his shoes 
and socks, and then he proceeded to examine his feet. The 
mysterious print was that of the man’s big toe! 

This remarkable and resourceful plan had one conse- 
quence that the criminal could never have anticipated; the 
police were prompted by this case to start an investigation 
into the possibility of using toe-prints for identification 
purposes. 

But, forgery or otherwise, the fingerprint remains in 
practice as the most perfect system of identification. From 
its birth in the famous letter of Dr. Henry Faulds, which 
was published in Nature in 1880, up to the present day, 
fingerprints are still considered as_ infallible—simple, 
cheap, reliable, and proof against all the perversions 
attempted by criminals. 
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Raw Materials for lron and Steel 





F. H. HENSON, B.Sc., Ph.D., F.G.S. ° 


ALTHOUGH native iron is rarely found, except in a few 
localities and in meteorites, it is a very common element in 
many kinds of rock and, next to aluminium, the most 
abundant metal. In the early part of the earth’s history all 
rocks were of igneous origin; that is to say, they were at one 
time molten and for a short time probably mobile. This 
assumption is a reasonable one since there is a fair amount 
of evidence which points to the fact that our planetary 
system was at one time part of the sun. The one-time 
popular conception of the early earth resembling a shrink- 
ing and mouldering apple has long been discarded: there 
can be no doubt that the original land surfaces did not last 
very long. 

The first formed rocks soon began to weather and de- 
compose and newer stratified sedimentary rocks were laid 
down on the remains of the older rocks. This process of 
new rocks from old has been going on ever since; 
evidence of this process of continuous change is only too 
obvious in many parts of the world. In the mountains of 
Europe, and indeed every continent, each winter sees large 
blocks of rock wedged off by ice or dramatically hurtling 
down the mountain side as an avalanche. In the dust bowl 
of America, in the deserts of Africa, strong winds lift millions 
of tons of soil and sand to deposit them elsewhere. Any 
river, particularly when it is in flood, carries down large 
amounts of fine silt and clay. This process, over hundreds 
of millions of years, has resulted in a complete redistribu- 
tion of the original constituents of the first formed rocks 
over the whole surface of the earth. These progressively 
newer and newer rocks were deposited under widely 
different environments as sandstones, clays and limestones. 

Conditions such as the distribution of land and sea and 
even climates have varied from age to age in geological 
time so that the sedimentary rocks vary widely in character. 
In some sandstones, for instance, the quartz grains may be 
cemented together by calcium carbonate, in others by iron 
and even, locally, by barytes. The geologist is able to inter- 
pret the history of these sandstones and so reconstruct the 
stage in the earth’s history when they were formed. The 
majority of sedimentary rocks were deposited under the 
sea; Others in estuarine conditions or inland lakes. In all 
these environments some iron from the older rocks, which 
were being weathered and transported to form the new, was 
redistributed. 

In many sluggish streams, in lakes and marshes in all 
parts of the country, a thin and slightly oily film may some- 
times be seen on the water. Below the surface, among 
decaying organisms, sand and clay, some of the iron from 
decomposed rocks is temporarily deposited. Such 
deposits, which may form quite quickly, are known as bog 
iron ore. Such iron ores, although they have been used in 
the past, are not important or used today. The iron from 
decomposing rocks may be transported either as small 
mineral grains or carried in solution. In the sour waters 
of a marsh the iron in solution may be precipitated; 
bacteria play an important role in this process. 

Today the geologist and the engineer work together to 


locate and work rocks which contain sufficient iron to make 
their exploitation an economic proposition. Not only is it 
important to know the amount of iron present in a rock, 
but also to know with what other elements the iron is 
associated, since iron occurs as an oxide, hydroxide, sul- 
phate or carbonate in rocks. Furthermore an ore can vary 
considerably over short distances in any sedimentary for- 
mation, particularly in the amount of quartz and other 
minerals present. All these factors, together with the 
availability of the ore, determine its economic use. 

Some iron ores, however, have not been formed in this 
way. In addition to continuous cycles of erosion and de- 
position of sedimentary rocks there have been several 
clearly defined periods when igneous activity has occurred 
again over fairly large areas of the earth. We see the 
remnants of the last igneous phase in the volcanoes of 
Italy, Java, Japan and other areas. As well as the newer 
igneous rocks of these cycles, hot solutions and vapours 
carrying minerals such as tin, copper and iron may pene- 
trate pre-existing sedimentary rocks and deposit their 
minerals along cracks, fissures or faults; the mineralisation 
of Cornwall is an example of these processes over a fairly 
large area. 

In the Forest of Dean and Cumberland the carboniferous 
limestone contains good ores of haematite (Fe,O,) which 
were formed by active iron solutions permeating through 
them. Many smaller deposits of iron ore have been formed 
in a similar manner in veins and lodes owing to precipi- 
tation of iron from solutions emanating from igneous 
masses in the last stages of their cooling within the 
earth’s crust; lodestone or magnetite (Fe,0,) has been 
formed in this way in many cases. 


lron Ores and Industry 


History records that iron has been known for almost 
four thousand years. In Britain, several centuries before the 
Romans came, the Britons used the Seend ore for iron- 
making. Here in Wiltshire the ironstone occurs as nearly 
horizontal rocks and within it are developed hard crusts 
of iron-rich rock around greenish sands. It was these crusty 
iron parts of the rock which were first used as iron ore; 
their metallic iron content varies from 35 to 40%. Fig. | 
shows a typical boxstone of iron ore from a similar forma- 
tion elsewhere in the Lower Greensand. 

The Romans used iron ores from the Weald, the Forest 
of Dean and the iron-bearing sedimentary rocks of North- 
amptonshire. From the Weald the Romans took the clay 
ironstones from the Wadhurst clay; the ores were obtained 
by shallow pits a few feet deep. Such pits were soon 
exhausted and a series of these shallow pits were used to 
exploit the ironstone. In the Forest of Dean they developed 
extensive mines; in some of these they followed the ore 
lodes over considerable distances. In the Midlands and 
Yorkshire the Romans first worked the iron ores from the 
Jurassic, and in Lincolnshire (where the Claxby Ironstone 
was only covered with a few inches or feet of blown sand) 
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Fic. 1.—Boxstone formation of iron ore from the Lower | 


Greensands, Woburn, Beds. A similar ore was first used by 

_ the British in 400-300 .c. . 
FiG. 2.—Ooliths, or rounded grains of iron carbonate from 
the Claxby Ironstone, Lincolnshire. The ooliths are approxi- 
mately 1-0 mm. in diameter, dark brown in colour and 

. highly polished. 

Fic. 3.—Haematite (Fe.O,) or Kidney ore. Specimen 
presented by the Millom and Askam Hematite Co. Ltd. 


FiG. 4.—A Ferruginous Sandstone. This rock is composed | 


of angular quartz (SiO,) grains cemented together by 

opaque iron (haematite). Such rocks are quite common and 

the photograph shows the rock under the petrological 
microscope. 

FiG. 5.—Marlstone Iron Ore, Holwell. 
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they worked this ore. The ore bed is only a few feet thick, 
but it has a distinct character and is formed of dark and 
brightly polished oolites. The term oolitic* describes the 
structure of the rock, which resembles the spheroidal 
character of fish roe; roe-stone was at one time the name 
in common usage for such excellent building stones as the 
Bath and Portland stones which exhibit this characteristic 
structure. Although the Claxby ores are richer than the 
Jurassic ores in silica, their metallic iron content varies 
between 30 and 37%. 

From the end of Roman times to A.p. 1000 the historical 
record is incomplete, but the Domesday Book contains 
references to “‘ferraria’’ (iron forges) in the villages of 
Gretton and Corby in Northamptonshire. Historians con- 
sider that the first Norman castle at Rockingham was 
probably built to protect the local iron industry of that 
area. In Norman times the ores were worked in many small 
pits and quarries, where the ore was hand picked and 
selected. It is from this and other widely scattered areas 
that ores were used for many centuries until Stuart times. 

With the beginning of the industrial revolution the rocks 
of the Carboniferous period were worked out, not only for 
the coal which accelerated Britain’s industrial development 
but also for the iron ores which occur in these rocks as well. 
In the Coal Measures numerous bands or irregular bands of 
nodules of clay ironstone occur. These ores are ferrous 
carbonates and contain varying amounts of organic matter; 
they are known as blackband ironstones. Their iron con- 
tent is variable between 25 and 35%, whilst silica and aiu- 
mina vary between 6 and 15% and | and 10% respectively. 
A feature of these ores is their high manganese content 
compared with the ores worked in Tudor times in North- 
amptonshire. The association of coal, iron ore, limestone 
and grits (used for abrasives) were factors which made for 
the location of our heavy industries-on the coalfields of 
Wales, the Midlands and the North. 

A hundred years ago, at the Great Exhibi- 
tion of 1851, specimens of the Northampton- 
shire ironstone were exhibited. A Mr. T. 
Butlin proved in an experimental furnace that 
the stone was suitable for smelting; this led 
to the development of these Mesozoic ores, 
although it must be stated that the decline 
in the output of Carboniferous ores which 
eventually followed was in part due to the 
fact that the more easily worked deposits 
were exhausted. 

Most of the ore which now finds its way 
from the iron fields of this country to the blast 
furnaces comes from rocks younger than the 
Coal Measures. These rocks, which occur as 
a wide belt stretching from the Cleveland 
Hills, through Lincolnshire, Leicestershire, 
Northamptonshire and the Cotswolds to 
Lyme Regis, belong to the Liassic and Jur- 
assic systems. For the main part, these 
formations consist of series of fairly thin 
limestone, clays and some sandstones. When 
these rocks were formed, many millions of 
years ago, over most of the area to the south- 
cast of a line from Redcar to Lyme Regis, 
warm shallow seas existed: dinosaurs and 
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otner reptiles sported on the shores and in the shallow 
waters. Conditions varied from time to time, sometimes 
the waters were land locked, or only estuarine conditions 
prevailed. The result was that locally throughout these 
new rocks, formed under such geographical conditions, 
local concentrations of iron-rich rocks were formed by the 
rock waste and iron in solution brought down by the rivers 
and streams. The reason for the abundance of the large 
amounts of iron on the old land surface was that before the 
Liassic period the climatic conditions were such that a 
thick mantle of iron-rich rock waste developed on the land 
surface. The deep red colour of many of the soils in the 
Midlands, derived principally from the Keuper Marl, indi- 
cate quite clearly the climatic conditions of that period 
under which lateritic deposits} were formed. Such iron- 
rich or laterite superficial deposits, often of considerable 
thickness, are very widely distributed in the tropical and 
sub-tropical regions today where heavy rainfall leaches out 
the more soluble constituents of the soils derived from 
igneous and iron-rich sedimentary rocks. 

In the Cleveland area there are several iron-bearing 
rocks in the Liassic series, varying from | to 24 ft. and 6 to 
11 ft. in thickness. The ore is an iron carbonate, varying 
from 25 to 32% in metallic iron content. Farther south, in 
north Lincolnshire, the Liassic rocks contain ironstones up 
to 32 ft. in thickness at Frodingham, which provide the ores 
for the iron-smelting industry of Scunthorpe. This field 
varies from a half to two miles in width and extends 
for several miles. The area is free from major faulting 
and the ores vary from 18 to 35% in metallic iron content; 


* The term ‘oolitic’ is derived from the Greek oon meaning egg, 
and /ithos meaning stone. The oolitic limestones bear a remarkable 
resemblance to the roe or eggs of a fish. 


+ Laterites, which are extensively developed in the Tropics, are 
porous ferruginous clays, which are deep-red in colour. 
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This simplified geological map shows the distribution of the carboniferous rocks, the locally 
iron-rich rocks of Lia$sic and Jurassic age and the development of all the major iron- and 
steel-making centres on or near the coalfields. 
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the amount of lime present is most variable. In.Leicester- 
shire the Lias is extensively worked in the Melton 
Mowbray area where a comparatively thin development 
of ferruginous rock known as the Marlstone occurs within 
the Liassic clays and impure limestones. 

From the Jurassic rocks, particularly the Northampton 
Sand ironstone formation, large quantities of iron ore 
have been worked over the last eighty years. The ironstone 
formation varies only slightly over its outcrop, its average 
thickness being 9 to 10 ft. Like the Marlstone it is generally 
found as a weathered brown limonite ore; the unweathered 
ores are green oolitic iron carbonates. The northerly 
development of the field is from Grantham, and extends 
southwards to Towcester. The main development has taken 
place from Blisworth to Corby; the large blast furnaces of 
the field can be seen from the railway from Wellingborough 
to Corby. Compared with the Frodingham and Marlistone 
ores this ore has a higher percentage of iron, silica and 
phosphorus, and a relatively lower percentage of sulphur 
and manganese. 

In all these ironfields the easiest way of working the ore 
at the present time is by opencast methods. In this way the 
ore is obtained comparatively cheaply and in some cases 
over sixty or more feet of overburden overlaying the ores 
has been stripped off. The method is firstly to remove the 
topsoil, subsoil or in some cases boulder clay or sand. 
This is piled, by mechanical excavator, for re-use over the 
reclaimed land. A second excavator is used to remove over- 
burden and to load the ore direct into railway wagons 
which are brought into the long quarry face. As the ore is 
removed the overburden is replaced and the soil restored 
and levelled. Thus the working of these large quarries is 
a progressive sequence and the land soon reverts to agri- 
cultural use; all evidence that may remain of ironstone 
mining in some parts of Northamptonshire is the perched 
character of many roads in rural areas. In some cases, of 
course, the reclamation has not been particularly successful, 
and the sites of older workings exist as ugly scars on the 
agricultural landscape. In some areas the ore has been 
mined; this of course makes its cost more expensive. The 
ores of the Banbury and Westbury areas have not been 
worked extensively, but future development may see these 
utilised in years to come. It is hoped that the mistakes of 
the present fields will not be repeated and our decreasing 
agricultural acres cared for. 

The haematites of Cumberland are still important today. 

















DUMPED MATERIAL 


By comparison with the Mesozoic ores they are compara- 
tively richer in iron with 55 to 65% metallic iron present. 
Their mode of occurrence, as indicated before, is in lodes 
through the Carboniferous limestone and they are worked 
in the normal way of metalliferous mines. 

Finally in dealing with iron ores there is a particular ore, 
the extremely fine-grained haematite ore of the Lustleigh 
area Of Devon, which deserves mention. This high-grade 
ore occurs in the mineralised granite, and although the 
total output is very small it is of particular value to several 
industries, including that concerned with the manufacture 
of special paints. 


lron Smelting 


Two thousand years ago this country was almost covered 
with forest and woodland, with the exception of mountain- 
ous areas. These forests provided the charcoal which was 
used first by the British. Iron slags from these camps show 
that charcoal was used to smelt iron ores at temperatures 
of 1100° to obtain a bloom of iron which was used to make 
various small tools and implements. 

The Romans also used charcoal in their bloomeries, as 
these early furnaces were called, in Kent, Sussex and the 
Forest of Dean. A mound of alternate layers of charcoal 
and iron ore was built upon a hearth of stone or some other 
resistant material; this mound was covered with clay, with 
the exception of two small holes near the base. Through one 
of these holes a continuous draught of air was forced by 
means of simple bellows. The other was used to remove 
cinder. After ignition and burning for some hours lumps of 
malleable iron were formed; these were hammered free of 
cinder to give a bloom of wrought iron. 

From Colsterworth, near Grantham, a more advanced 
type of Roman furnace was discovered in the workings for 
iron ore in 1932. This furnace, which was found in excellent 
preservation, was hand moulded of Lias clay; it is approxi- 


_ mately 3 ft. long, 2 ft. wide and from 15 to 21 in. deep. In 


the sides of the furnace were two openings for blast pipes 
and in the top, carefully closed by broken pottery when 
found, were vents. It has been thought that the bloom of 
iron was returned to the furnace at night, charged with 
charcoal and the vents closed. Under such conditions the 
fuel-would smoulder at red heat and partly carbonise the 
iron to steel. Many other remains of furnaces, and large 
quantities of slag from Roman workings have been found. 
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The slags frequently have a high iron content, up to 
40°%%, and have in some cases been resmelted in modern 
blast furnaces. Much of the furnace slag was used by the 
Romans as road metal, a practice which is common today. 

When James I was on the throne, legislation was intro- 
duced to suppress the ravages of the charcoal burners upon 
the timber resources of this country. Under these condi- 
tions the production of iron decreased and the many 
bloomeries of these times are now only recognisable by 
the remains of slag and cinder. 

In the early eighteenth century successful efforts were 
made to use coal instead of charcoal in iron smelting. The 
coal formations were at this time being discovered and 
worked by the same bell mine system as employed in the 
Carboniferous ironstone workings. In 1708 Abraham 
Darby discovered how to use coal and local ores in Shrop- 
shire, to produce pig iron. Iron was produced more 
economically than ever before and new life was given to 
our oldest industry, which in turn led to the development 
of our industrial progress. Coke replaced coal in the furn- 
aces whilst the number of charcoal bloomeries decreased, 
although a few using water power for draught still existed 
in the early nineteenth century. By 1806 the total produc- 
tion of pig iron had reached just over a quarter of a million 
tons annually, coming from 221 coke and 11 charcoal 
furnaces. 


The Blast Furnace 


One of the earliest blast furnaces to be built in this 
country, in 1780, still remains at Morley Park Farm, Belper, 
in Derbyshire. This furnace was built of stone; by compari- 
son with the earlier furnaces it was tall and used coke to 
heat the ores. A cylinder type bellows was worked by a 
coal-fired steam engine. In this furnace, as in the blast 
furnaces of today, iron ore, coke and flux were continuously 
fed into the top of the furnace and the furnace was only out 
of blast when repairs were necessary. The molten iron 
collects in the base of the furnace and is periodically let 
out into beds of moulding sand. 

The modern blast furnace is essentially a vertical shaft, 
narrowed at the top and bottom and 80 to 100 ft. in 
height. It is built of steel, lined with fire-brick, and water- 
cooled on the outside. The furnace burden or ore, coke 
and fluxing material (usually limestone) is mechanically 
fed into the top of the furnace continuously whilst pre- 
heated air at 800° is blown through tuyeres at the bottom. 
The chemical reactions which take place in the furnace are 
that the combustion of coke to carbon monoxide reduces 
the ferric oxide to ferrous oxide and then to metallic iron 
in two stages, thus: 

(i) Fe,0,+ CO =2Fe0+CO,, 
(ii) FeEO+CO=Fe+CO,. 


The reduction takes place in the central and upper part 
of the furnace, but is not complete until the iron melts at 
1400°. The molten metal is tapped from the furnace at 
roughly every six hours and is directed into ‘pig beds’. 
The molten slag which floats on top of the iron in the 
furnace is drawn off first. 

Before the ore reaches the furnace it is passed through 
several processes. In many cases, particularly in North- 
amptonshire, the iron ore is calcined in the large quarries 
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before being sent to the furnace. A layer of coal is laid as 
a base, upon which alternate layers of ore and coal slack 
are tipped. The large mounds are fired and after two 
months the volume of the ore may be reduced by as much as 
35% owing to the loss of water and partial decomposition 
of the carbonates. 

In the early days of the industry the ores were hand 
picked and therefore fairly uniform in size and character. 


With the introduction of mechanical excavators the size | 
varied and, furthermore, the ores were mixed and not entire. | 


iy suitable for mechanically fed furnaces without treatment. 
To attain uniformity ores are now crushed to a maximum 
size of 8 in. The use of crushing equipment increases the 
amount of fines in the ores; these are removed by screening 
and reclaimed by sintering. The treated ores are finally 
blended, which results in greater uniformity in the ore which 
is dried ready for the furnace. 

Coke has long been used in blast-furnace operations, 
It is used to provide the carbon absorbed by the metal, to 
reduce the oxides of iron and other elements to metal, and 
to generate heat for the decomposition of the carbonates, 
In addition it must provide the heat to melt the metal and 
the slag. The amount of coke used in British blast furnace 
burdens varies between 20 and 21 cwt. and 31 cwt. per ton 
of iron. 

Limestone is also an essential part of the furnace charge 
or burden. The amount which is used depends upon the 
ores and their blending; some ores because of their high 
lime content are almost self-fluxing. The Marlstone Iron- 
stone, as in the Melton Mowbray district, contains iron, 
silica and lime in such proportions as to make it almost 
self-fluxing. It may be smelted independently as a source 
of pig iron. The limestone added may form 10 to 15% 
of the furnace burden. The limestone, which acts as a flux, 
assists in the removal of silicates from the ore. The slag 
which is removed is formed of calcium and alumino 
silicates and contains less than | % of iron. 

The limestone for the blast furnaces of this country is 
mainly quarried from the massive Carboniferous limestone. 
There is no problem in the supply of limestone other than 
that of transport. 

On occasions the slag in the furnace may build scaffolds 
and so reduce the efficiency and output of the furnace. 
Whilst there are various ways in operating the furnace to 
break down scaffolds* and remove scabs it is better to 
maintain the ideal smooth downward movement of the 
burden. Some ores may yield as much as 26 cwt. of slag 
per ton iron; this increases the amount of coke consumed 
and the risk of scaffolding. The mineral fluorspar (CaF;,) 
which has been obtained in recent years from old lead 
mine tips and Carboniferous limestone in Derbyshire is 
sometimes used to give easier fluxing and greater mobility 
to the slags. In addition the use of fluorspar in the burden 
decreases the amount of sulphur and phosphorus in the 
pig iron. Its use has to be strictly limited since there is an 
optimum amount which may be added to the furnace 
burden and excessive or continual use results in badly 
corroded furnace linings. 


* The formation of large masses of partially burnt coke, iron ore, 
etc., within the furnace greatly reduces its efficiency and is analogous 
to the formation of clinker in a domestic boiler. Likewise the forma- 
tion of slag adhering to the blast furnace walls also impairs its 
efficiency. 
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4bove.—An opencast iron- 
stone mine. The dragline is 
clearing the overburden from 
the ironstone face on the left 
and throwing the soil across 
the cutting to fill the space 
from which the ore has 
already been removed. (Re- 
produced by permission of the 
Editor of “Picture Post’.) 
Left.—Blasting rock in an 
ironstone quarry. 








Fic. 7.—A Roman Furnace, Colsterworth. 

In the blast furnace high temperatures are maintained 
over long periods, and refractories able to withstand these 
conditions are vital. The bricks for the hearth and lower 
part of the furnace are of 40° alumina fire-clay, the 
main stack being lower at 32% and must withstand 
temperatures of 1600° and not soften below 1300°. Obvi- 
ously stack lining is an expensive item and furnaces out of 
blast owing to failure of the fire-bricks would be a liability. 

The rocks of the Carboniferous period in addition to 
being our sources of coal and-iron ore in the past century, 
also provide the bulk of the material used in fire-brick 
manufacture. From the lower Coal Measures, particularly 
in the Sheffield area, a fine-grained siliceous sedimentary 
rock has long been used for this purpose. Ganister, as this 
rock is called, is frequently found as the ‘seat earth’ of a 
coal seam. These rocks, however, are used in conjunction 
with other siliceous rocks; they are crushed and a low per- 
centage of lime (1 to 3% depending on locality) added. 
The addition of lime binds the rock during the following 
grinding process and is added either as milk of lime or as 
slaked lime. The processed rock is made into bricks, dried 
for up to 48 hours and then fired at 1500° in kilns. As well 
as being used for the manufacture of silica bricks the gan- 
ister mixture is used for a variety of purposes where a 
plastic refractory is required, as in the case of crucible and 
ladle linings, for setting brickwork and as a botting clay. 

Another raw material which is essential to the industry 
is an adequate supply of moulding sands. The sand in the 
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(By permission of the Stanton Ironworks Co. Ltd., near Nottingham.) 


foundry and ‘pig beds’ is being constantly replaced, a 
demand which results in the extensive working of sandstone 
deposits. Fortunately, the Triassic rocks of the Midlands 
and elsewhere contain fine sandstones which are ideally 
suited for this purpose. For moulding sands the require- 
ments of the industry are more exacting and these sands 
must fulfil minimum requirements for grain size, silica 
content and permeability. 


Steel 


From pig iron, the crude product of the blast furnace, all 
other terms of iron used by industry are manufactured. 
Pig iron is not malleable, but it has the property of expand- 
ing on solidification and is in rommon use as cast iron in 
the manufacture of fittings and components which are not 
subjected to strain. An important product of some iron- 
works are cast-iron pipes which are extensively used in gas 
and water mains. 

The removal of carbon and other impurities from pig 
iron is achieved by several methods. In the reverberatory 
furnace which is lined with haematite, silica and manganese 
are oxidised and removed as slag. Phosphorus is also 
removed in this way. The removal of the impurities in the 
slag raises the melting point of the iron which is then beaten 
by hammers to squeeze out the slag and forged into bars. 
Wrought iron thus produced contains only 0-12 to 0:25% 
of carbon and has the useful property that it can be 
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Fic. 8.—Tapping a modern blast furnace at night. 


welded by hammering at 1000°. It was at one time produced 
on a large scale, but steel has taken its place. The exquis- 
ite wrought ironwork of the last few centuries remains as a 
permanent record of the blacksmith’s art in this medium. 

In steel the amount of carbon present varies from 


01 to 05% in mild steel to 0-5 to 1:5%. Silicon, 
sulphur and phosphorus present in pig iron are removed 
in the production of steel. One of the earliest methods used 
was to heat wrought iron with charcoal at 1000° for many 
days. In this way carbon was absorbed and blister steel 
produced. The method was replaced by the Bessemer 
converter, where air is blown through cast iron until all 
silicon and nearly all the carbon are burnt out. A later 
method, and one in widespread use today, is the Siemens 
Martin process. In this open-hearth process pig iron, 
scrap and iron ore are melted together in such proportions 
so that the greater part of the carbon combines with the 
oxygen of the ore. 

Calcined dolomite is used as a furnace lining when phos- 
phorus is present. The magnesium limestone of Durham, 
Yorkshire and Nottinghamshire provides the dolomite 
which is burnt in tall kilns with coke. 

Finally in the production of special steels small amounts 
of manganese, nickel, tungsten and cobalt are used: their 
ores are essential to the industry. Although these ores 
are not mined in quantity now in this country, they are 
found in many localities. 

The bedded iron ores of the Jurassic and Cretaceous 


ages rank second to coal in the nation’s natural resources. 
Since 1895, when mechanical methods of excavation were 
introduced, production has steadily increased. In 1913 it 
was five million tons; in 1939 sixteen million tons; in the 
war years and today even greater output is being achieved. 
During the last hundred years the Cleveland Ironstone has 
been nearly worked out, although it will remain an impor- 
tant source of ore for a few decades to come; the Froding- 
ham ores are nearly all worked out at their outcrop. 

From the Northampton sands horizon the main bulk 
of the ores is still obtained by opencast workings today. 
Within recent years the limit of overburden removal has 
been reached and in some cases the ore is now worked 
underground. Future development within the next twenty 
years will see the inevitable increase in underground 
working, since probable reserves underground are double 
the original outcrop and opencast reserves. There should, 
at the present rate of working, be sufficient iron ore from 
this field for another two hundred years at least. 

In the past fifty years the yield of unbedded ores from 
Cumberland has declined; the reserves of haematite are 
difficult to estimate but it is likely that for many years 
to come haematite will come from these sources, as it did 
in past centuries. Despite this and the output of Jurassic 
ores this country will still have to import high-grade and 
special ores for the industry, for even during the war years 
over two million tons of ore a year were imported, some 
from Sweden, in specially designed and built ships. 








Science in Russia—Ill 


THE WORK OF THE CHEMISTS* 





IN 1949 an American radio station broadcast an incredible 
series of allegations, which made out that the U.S. Govern- 
ment had allowed valuable atomic secrets and atomic 
materials, including uranium and heavy water, to be sent to 
Russia. In particular the broadcasts attempted to smear 
the names of Harry Hopkins (then assistant to President 
Roosevelt, and Lend-Lease expediter) and Henry Wallace, 
the U.S. Vice-President. One broadcast took the form of 
an interview with an ex-chief petty officer of the U.S. Navy, 
who told his radio audience that ‘“‘a document relating to 
the atomic structure, possibly of element 92, went to Russia 
in a Navy lend-lease aircraft”. These fantastic allegations 
were widely reported in the Press, including the British 
Press, and though most people probably ignored them there 
can be no doubt that some people were taken in by them. 
For this reason the U.S. Government treated them seri- 
ously, and therefore had them investigated by the Joint 
Committee on Atomic Energy, which was set up in 1946 
under the chairmanship of Senator McMahon and which 
represents both the U.S. Congress and Senate. Their 
report on the broadcasts is included in the document 
entitled Soviet Atomic Espionage (U.S. Govt. Printing 
Office, 1951). The Committee found that apart from some 
1400 lb. of uranium salts, 2:2 lb. of uranium metal, and 
1100 grams of heavy water, nothing that could be de- 
scribed as coming within the category of atomic material 
had been shipped to Russia. The Committee permitted 
itself the luxury of a little sarcasm when it dealt with the 
item referring to element 92. It states: Jn connection with 
Mr. Norton's reference on the radio broadcast of December 
14 of a blueprint chart of the atomic structure of element 
‘92°, it may be recalled that the first ‘Periodic Chart of the 
Elements’ was promulgated in 1870 by the Russian Chemist 
Mendeleeff. This and subsequent revisions and refinements 
are standard equipment in most high-school and college 
chemistry classrooms. They are available from publishers 
of scientific literature and at most technical libraries. These 
charts describe the electron-shell groups, the isotopes, the 
weight, size, configuration, crystal lattice, boiling point, 
density, and other characteristics of each element. It is 
conventional practice to reproduce these charts or parts 
thereof in blue or ozalid prints to hang on laboratory walls. 
This passage is remarkable in two respects: it reveals 
that the Joint Committee kept its sense of humour—a sure 
sign that it also kept its sense of proportion—even while 
dealing with the very serious subject of atomic espionage; 
it also pays, incidentally, a tribute to the outstanding 
genius of the most famous Russian chemist—which is 
truly remarkable since the tribute is printed within a 
report, which runs to 222 pages, dealing with atomic 


* This third contribution to this series of articles which 
are designed to give a clear picture of the achievements of 
Russian science, is a collective work produced by a number of 
chemists in collaboration, and hence it is published anonymously. 
The first article in this series (July issue) was by Eric Ashby on 
Russian Botany: the second was by C. L. Boltz in August on 
Russian Physics. The fourth article will be published in the Novem- 
ber issue. 





espionage by Russia. (This document includes full details 
of the cases involving Fuchs, Nunn May, Greenglass and 
Gold.) 

The Periodic Law of the chemical elements was a 
brilliant generalisation, which gave to chemistry the same 
power of prophecy that astronomers had long been able 
to exercise with such wonderful results. The elements 
could now be arranged in a natural order: Mendeleeff’s 
Periodic Table provided a system of classification that put 
those elements possessing similar chemical properties all 
together in the same family or group; thus, for example, 
fluorine, chlorine, bromine and iodine made up one dis- 
tinctive group, and the very active metals lithium, sodium, 
potassium, rubidium and caesium made up another such 
well-defined group. The utter simplicity of this scheme 
of classification is its most impressive feature. Today this 
feature of Mendeleeff’s Periodic Table is the one which is 
most easily overlooked, but if you imagine yourself as 
being present at the meeting of the Russian Chemical 
Society, to which, in 1869, Mendeleeff first explained his 
great discovery, you can begin to sense how amazingly simple 
this scheme is—the elements fit into place in Mendeleeff’s 
scheme as neatly as do the pieces of a jigsaw puzzle. Up 
till the day in 1869 when Mendeleeff delivered his epoch- 
making lecture, it had been about as difficult to visualise 
an orderly classification for the elements as it is to visualise 
the ultimate pattern that will emerge from the apparently 
odd assortment of pieces in a unassembled jigsaw puzzle. 
Newlands’ Law of Octaves, proposed three years before 
Mendeleeff made his discovery, was inadequate and had 
been virtually laughed into oblivion. Mendeleeff presented 
something that was far more effective than Newlands 
scheme; taking Mendeleeff’s Periodic Table one sees that 
all elements in Group I unite with oxygen in the propor- 
tion of two atoms to one, with Group II elements one atom 
unites with one oxygen atom, in Group III two atoms of 
the element unite with three of oxygen and so on. The 
beautiful simplicity of the scheme has been well conveyed 


by Bernard Jaffe in these words: To know the properties of 


one element of a certain group ‘is| to know, in a general way, 
the properties of all the elements in that group. 

Mendeleeff had arrived at his Periodic Table by arrang- 
ing the elements in the order of their atomic weights. In 
two cases he decided that the atomic weights then generally 
accepted did not seem to fit in with his scheme. One of the 
discrepancies involved the elements iodine and tellurium: 
iodine must belong to the same group as chlorine and 
bromine because it is so similar chemically, and therefore 
he put it into the halogen group in spite of the fact that 
tellurium, with an atomic weight higher than that of iodine, 
should have gone into the halogen group if one classified 
strictly according to atomic weight. Years later he was 
proved right in this; his position for tellurium was con- 
firmed to be quite correct. 

The other case involved gold and platinum; on the score 
of atomic weight, they should have been placed in exactly 
the reverse order from that which Mendeleeff gave them. 
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He met the criticism which this apparent discrepancy in his 
table aroused .by saying that here there must be a mistake 
in the accepted atomic weight. It was later proved that 
his prediction was justified. 

Mendeleeff was so sure of this system of classification 
that he used it like a map to plan the search for new ele- 
ments. The gaps in his table corresponded, he explained, 
to elements which had yet to be discovered. He made 
predictions about the properties of three of these unknown 
elements, which he named in advance eka-boron, eka- 
aluminium and eka-silicon. 

Eka-aluminium was found in 1875; this is the element 
called gallium. When the discovery of gallium was re- 
ported in France, Mendeleeff stated what its atomic 
weight and specific gravity would be found to be when they 
were determined. His prediction was proved correct— 
“The first great victory of the Periodic Law.’ The second 
great victory came with the discovery of scandium— 
Mendeleeff’s eka-boron. 

With eka-silicon he carried his predictions still further; 
not only did he forecast its atomic weight and specific 
gravity, but he also forecast the properties of its oxide and 
chloride. Winkler discovered this element in 1885, and 
called it germanium: every one of Mendeleeff’s predictions 
about germanium Winkler proved to be correct. 

The Periodic Table was now accepted as a reliable chart 
on which to base chemical exploration, and equipped with 
it scientists very speedily discovered new elements to fill 
the remaining gaps in the table. By 1907’—that is, within 
a year of Mendeleeif’s death—eighty-six elements were 
listed in the Periodic Table—*‘a fourfold increase since the 
days of Lavoisier’, to quote Bernard Jaffe’s words. 

One is justified in devoting this much space to Mende- 
leeff’s discovery of the Periodic Law, for is is essential to 
realise just how great was his contribution to chemical 
thought. His theory was as important to chemistry as 
Darwin’s theory was to biology. In an infinity of seem- 
ingly unrelated facts Mendeleeff had been able to find a 
pattern—the pattern, in fact—and had stated a great 
generalisation which was to inspire scientists to throw out 
many salients into unknown territory, and so to extend 
the endless and ever-advancing frontiers of scientific 
knowledge. Mendeleeff’s theory prompted many men tc 
reconsider the ancient idea that all matter is constructed of 
the same sort of fundamental bricks. Some suggested that 
the common basis of matter might be the hydrogen atom; 
this was an attractive idea for taking the atomic weight of 
hydrogen as 1, then the atomic weights of the other 
elements were all whole numbers, or very nearly so. 
The existence of such elements as chlorine with its 
atomic weight of 34:45, seemed to put the whole theory 
out of court, but this discrepancy was explained when 
F. W. Aston discovered the existence of isotopes; the 
apparently anomalous atomic weight of chlorine, for 
example, is due to the fact that ordinary chlorine gas is a 
mixture of two different kinds of atoms, one with a weight 
of 35 and the other of 37. 

Taking the atomic weight of oxygen (16) as the standard, 
instead of the atomic weight of hydrogen, all the elements 
in the Periodic Table proved to have atomic weights 
which are extremely close to whole numbers. (Hydrogen 
is 10081; the explanation of why the figure is not 1 was 
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to emerge from further research by atomic physicists.) 
Then came the researches of H. G. J. Moseley, which 
blazed a trail that was to lead’ others to the discovery of 
how the periodic classification of chemical elements is 
connected with the differences in number and arrangement 
of the electrons outside the atomic nucleus. The chemical 
valency of the chemist’s atom, for instance, was thus given 
physical explanation in terms of the number of electrons 
present in the outer orbit of the physicist’s atom. 

There were, of course, great chemists in Russia long 
before Mendeleeff, but he was so great a genius that he 
tends to eclipse the others. To trace the growth of chem- 
istry in Russia one needs to go back to the beginning of the 
eighteenth century. The first Tsar to recognise the im- 
portance of science and technology was PETER THE GREAT 
(1672-1725). He himself was interested in astronomy, 
geography, even anatomy and surgery. In 1698 Peter spent 
three months in England collecting practical details about 
a wide variety of technical subjects, including ship- 
building and artillery, and he hired some 500 English 
engineers, artificers, surgeons, artisans, etc., who returned 
with him to Russia. Their skill and expert knowledge went 
into such achievements as the creation of Russia’s new 
capital, St. Petersburg; they also helped him to modernise 
his army, which then proceeded to conquer Sweden and 
Persia—the latter victory gained Russia some very im- 
portant territory, for it included the rich Baku oilfields. 
Towards the end of his life he established the Russian 
Academy of Sciences, in St. Petersburg. At that time the 
French were the leaders of European science, and the 
Academy was modelled on the French Academy of 
Sciences.* For instance, membership was restricted to about 
forty persons, “‘according to the French pattern’’, says 
J. G. Crowther in his book Soviet Science. “In virtue of 
their membership they received salaries (from the State). 
Thus the Academy has nefer been a private society like 
the Royal Society of London.” 

By far the most brilliant scientist to adorn the Academy 
of Sciences in its early days was M. V. LoMoNosov (whose 
work was discussed in C. L. Boltz’s article in the July 1951 
issue Of DiscOvVERY). Lomonosov had a very shrewd and 
vigorous brain, while his physical strength and endurance 
enabled him to carry through a prodigious amount of 
work; he was the counterpart of Peter the Great in che 
world of science, and had they been contemporaries there 
is but little doubt that Peter the Great would have recog- 
nised in Lomonosov a man after his own heart and would 
have given him the material support which Russia’s first 
great scientist found hard to obtain. Lomonosov is chiefly 
remembered for his researches in physics. But he also 
engaged in astronomy, geology, geography, philology and 
poetry. (No wonder Pushkin called him ‘Russia’s 
University’’!) He was also interested in chemistry and, as 
was Stated in last month’s DISCOVERY, it was Lomonosov 
who in 1740 invented the term physico-chemical. (It is 
worth noting that both ‘physical chemistry’ and ‘chemical 
physics’ have flourished vigorously in Russia.) The 


* The French Academy of Sciences was founded in 1666 by 
Louis XIV. The Royal Society received its charter in 1662. Scien- 
tific periodicals also started in this period: the independent Journal 
des Savants was first issued in 1665 in Paris and the Philosophical 
Transactions of the Royal Society began three months later. 
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University of Moscow, which was to develop strongly on 
the scientific side, was in a sense Lomonosov’s creation: 
it was founded in 1755 to a plan drawn up by him. 

Two early chemists who influenced the progress of 
Russian chemistry were JOHANN TOBIAS LowiTz and V. V. 
PETROV. Lowitz (1757-1804), who was German-born, 
became Court Apothecary at St. Petersburg. According 
to Prof. Carl R. Noller, he made several outstanding 
contributions to basic laboratory technique. He discov- 
ered, for instance, the absorptive property of charcoal, and 
he took advantage of this property to purify organic com- 
pounds. Glacial acetic was prepared, for the first time, 
by Lowitz in 1789. Noller states that he also discovered 
the phenomenon of supersaturated solutions. He used a 
mixture of ice with various salts to get low temperatures 
(such mixtures are now called ‘freezing mixtures’), and 
he was the first man to use calcium chloride to remove 
water from organic liquids. He also discovered how to 
remove the water from (and so prepare) pure ethy! alcohol. 

V. V. Pet ov worked in St. Petersburg (in the Academy 
of Sciences) at about the same time as Lowitz. He carried 
out experiments which contributed to the overthrow of the 
phlogiston theory of Becher and Stahl, the theory which 
was retarding chemical progress and which was finally 
given its quietus by Lavoisier’s experiments (1774),* 
which showed that when a substance (e.g. tin, mercury) 
is calcined “‘the product formed during burning weighed 
more than the original substance by a weight equal to the 
weight of the air which combined with the burning body”’. 
Lavoisier 's textbook (Traité Elémentaire de Chimie, 1789) 
and his, introduction (1787) of the new terminology 
necessitated by this revolutionary theory of oxidation 
laid the basis for the remarkable chemical progress which 
was to be made in the early part of the nineteenth century. 
An essential principle in the new chemistry was the Law 
of Constant Composition, whieh says that a chemical com- 
pound is always made up of precisely the same amount 
of the constituent elements, e.g. water always contains 
hydrogen and oxygen combined together in the ratio of 
one to eight by weight (The Law of Multiple Proportions 
swiftly followed once the Law of Constant Composition 
had been put on the chemist’s ‘statute book’.) 

By this time important scientific work had started 
outside Moscow and St. Petersburg. The most important 
provincial centres of science were in Kazan, Kharkov and 
Kiev. Kazan University, for example, fostered the genius 
of N. I. LOBACHEVSK1 (1793-1856), who invented non- 
Euclidean geometry and so contributed to the develop- 
ment of that subject beyond the confines of three dimen- 
tions. Kazan University developed an excellent school of 
chemistry which produced men like N. N. ZININ, who dis- 
covered how to produce aniline by reduction of nitro- 
benzene. (Hoffmann, the German authority on organic 
dyestuffs who taught chemistry to the discoverer of the 
first aniline dye, has described this discovery as being of 
“sufficient merit for inscribing the name of Zinin into the 
history of chemistry in gold letters.) A. M. BUTLEROV 
(described by S. I. Vavilov, president of the Soviet 


* Lavoisier’s 1774 experiments established beyond doubt that 
mass is indestructible. But the law of the indestructibility of matter 
was definitely established by Lomonosov in 1756; it is also considered 
to be implicit in J. Black’s research on alkaline earths (1755). 
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Academy of Sciences, as one of the founders of moder 
organic chemistry) was also a product of the Kazan schoo! 

V. V. MARKOVNIKOV also worked at Kazan. He jg 
remembered for Markovnikov’s Rule, which deals with 
the reaction between hydrochloric acid and unsaturated 
hydrocarbons and is concerned with the point at which 
chlorine is added on to the hydrocarbon molecule. He 
eventually directed the Chemical Institute of Moscow 
University. 

It may at first sight seem surprising that the university in 
the provincial city of Kazan should have played so impor- 
tant a part in the history of Russian chemistry. (Its record 
in other branches of learning is in fact no less impressive, 
while it is worth noting that both Tolstoy and Lenin were 
educated in this university.) The city itself is very ancient, 
and it was the capital of the Tartar Khanate of Kazan: 
according to James S. Gregory, Moscow had to pay tribute 
to this Tartar state until Ivan the Terrible captured Kazan 
in 1552. The University was founded in 1804. Its history 
is somewhat reminiscent of that of a British provincial 
university like, say, Manchester, for it was an integral part 
of a thriving and prosperous city with a big variety of 
industries—Kazan’s chief industries have been leather 
tanning and the manufacture of soap, iron and steel, and 
textiles; there are also shipbuilding yards in the vicinity 
of Kazan. This range of industries has many chemical 
problems calculated to intrigue and inspire good chemists 
of wide interests, and it should be recalled that the early 
chemists were noted for their breadth of interest which 
led many of them to apply their discoveries industrially 
and to delve into the mysteries of industries in which 
chemistry was significant. This happened in Britain at 
centres like Manchester: the Manchester school of 
chemistry was outstanding, and its chemical teaching 
was for many years far superior to that at Oxford and 
Cambridge; Manchester chemistry started with Roscoe 
and Schorlemmer, and it developed through the activi- 
ties of such famous men as W. H. Perkin (son of Sir 
William Perkin), J. F. Thorpe, W. A. Bone, Chaim Weiz- 
mann, Sir Robert Robinson, W. N. Haworth, Simonsen and 
R.E. Slade. Kazan’s record parallels that of Manchester. 

As at Manchester chemistry could flourish in_ this 
university because it never had any anti-scientific bias, 
being founded at a time when modern chemistry in- 
corporating the theories of men like Lavoisier and using 








modern nomenclature was well established and beginning | 


to throw out new and vigorous branches. 
Manchester, had a bias towards organic chemistry. We 
have mentioned Zinin and Butlerov already. Butlerov 
was of particular importance; he lived at the same time as 
Germany’s great organic chemist, Kekulé, and they both 
contributed much to the development of theories of the 
molecular structure of organic compounds. 1858 brought 
the firm recognition that carbon has a valency of 4; then 
organic chemists began to use graphic formulae, a great 
aid to clear thought when the structure of organic mole- 
cules had to be considered; then came the idea of two 
carbon atoms joined together by single double and triple 
bonds, and the understanding of the fundamental difference 
between saturated and unsaturated carbon compounds. 
Speedily came the realisation that carbon atoms link 
together to form chains; this concept of chain compounds 
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was very fruitful and promoted a great 
burst of significant discoveries. The chain 
concept explained the structure of the 
large group Of compounds known as 
aliphatic compounds; it was a dynamic 
idez for it indicated immediately what 
chemists needed to do in order to synthe- 
sise diphatic compounds. 

The other great group of organic com- 
pounds—the aromatic compounds—were 
recognised as having a different kind of 
structure, and many aromatics were 
known to be derivatives of benzene. 
What was needed at this stage was a 
graphic formula to explain the structure of 
the benzene molecule. This was provided 
by Kekulé in 1865; he conceived the idea 
of the benzene ring—he pictured this 
ring as a flat hexagon, which X-ray crystall- 
ographers, etc., have since proved to be 
an accurate representation of the arrange- 
ment of the atoms in the benzene molecule. 
Organic chemists could now find their 
way through the hitherto baffling maze 
of aromatic compounds. 

The bases of modern organic chemistry 
were now established. It is much to the 
credit of Butlerov that he went all the way 
with Kekulé in the German’s revolution- 
ary theorising which transformed organic 
chemistry almost overnight. This he could 
never have done if he himself had not 
been working on exactly the same lines as 
Kekulé. The people who benefited most 
were, of course, Butlerov’s students, who 
went into their research laboratories 
equipped with all the latest theories. It 
is not surprising, therefore, to find that his 
students ‘‘enriched science by their remark- 
able studies on aliphatic compounds in 


general and hydrocarbons in particular’, 
to quote the Russian oil chemist V. N. 
Ipatieff of the United Oil Products Co. of 
Chicago. The researches of these chemists 
on hydrocarbons were of extreme impor- 
tance to the petroleum industry. 
Butlerov’s students were all-important 
in the exploitation of Russia’s petroleum, 
which today accounts for about 6% of 
the crude oil produced in the world.* 
The earliest oilfield to be developed was 
that of Baku, in the Caucasus—the oil- 
field where burned the ‘everlasting flame’ 
which Marco Polo had seen and described. 
(It is ironic that this oilfield was originally 
in territory belonging to Persia, territory 
which was annexed by Peter the Great— 
an annexation which would have been 
impossible without the modernisation of 
his army to which British experts con- 
tributed!) The Baku petroleum industry 
was developed by Robert Nobel; simul- 
taneously his brother Ludvig was found- 
ing the world-famous arms factory in St. 
Petersburg, while the youngest of the 
family—Alfred Nobel, the founder of the 
Nobel Prizes—was assiduously accumu- 
lating ‘know how’ connected with all 
kinds of technical subjects.t 
The Nobel Brothers Naphtha Com- 
pany in Baku was incidentally one of 
Nobel’s great assets at the time of his 
death, and at over five million kronors it 
was nearly as big as his assets in Sweden! 
(Thus, his fortune made from Russian oil 
contributes to the financing of the Nobel 
Prizes, which are virtually taboo so far as 
Soviet scientists are concerned !) 
Mendeleeff comes into the story of the 
Baku oilfield. He considered petroleum 
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should be treated as a chemical mixture 
of priceless value, and he protested against 
its use for heating boilers, which he de- 
cried as being as idiotic as stoking a fire 
According to I. 
Nechaev, he argued that the production 
and treatment of crude oil should be 
carried out only in the strictest scientific 
way, and could be fitted into his ambitious 
schemes for a vast expansion of Russia’s 
chemical industries. Mendeleeff’s propa- 
ganda for the more efficient exploitation 
of this great natural asset did not fall on 
deaf ears. In 1876, for instance, we find 
the Government of Tsar Alexander II 
sending Mendeleeff to America to glean 
ideas from the Pennsylvania oilfield which 
had been opened up in 1859. On his 
return he further investigated the natural 
naphtha springs of Baku; not only did he 
collect invaluable statistics of output, but 
he also devised a valuable technique of 
distillation. He also speculated about the 
origin of oil, and came to the conclusion 
that “it was formed by the interaction of 
water and metallic carbides found in the 
interior of the earth” (see Jaffe’s essay on 
Mendeleeff in Crucibles, p. 214). 


with pound notes! 


* In 1910 the Russian quota was higher 
than that, being 10 million tons as against 
the 28 million of the U.S.A., in 1948 the 
figure for Russian oil output was put at 
30 millions, compared with 268 millions in 


the U 


S.A. 


+ It was Professor ZININ who drew Alfred 
Nobel’s attention to Sobrero’s discovery of 
nitroglycerine, which Nobel succeeded in 
producing on the grand scale and ‘taming’ 
by conversion into dynamite. 
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A modern version of the Periodic Table. 
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Russia contributed much to the im- 
provement of oil technology, not unex- 
pectedly as Baku was the most prolific 
single oil district in the world in Mende- 
leeff’s day. We find, for instance, that it 
was a Russian named SHUKHOV who first 
patented a process for cracking oil under 
pressure. (Shale oil had been cracked in 
Britain a few years earlier.) Oil-cracking 
for the purpose of preparing aromatic 
compounds was studied by Russian 
chemists including RUDNER- (1881), 
NIKIFOROV (1896) and ZELINSKII (1915). 

Catalysts were to become important in 
the exploitation of oil, and the great 
interest Russian chemists took in cataly- 
sis was to pay big dividends in this con- 
nexion. The concept of catalysis took 
shape largely because of the researches of 
the Swede Berzelius, who coined the 
word in 1835; his ideas on catalysis very 
speedily caught on in Russia. (Berzelius’s 
laboratory attracted students from parts 
of the world, including Russia, and the 
Tsar and Prince of Russia were both 
familiar with his work.) Russians who 
have done important work, both theor- 
etical and practical, on catalysis include 
N. N. ZELINSKII, A. A. BALANDIN and 
V. N. IPATIEFF (the petroleum chemist 
mentioned earlier in this article). 

It is a remarkable fact that the first 
plant to use the contact process—whereby 
sulphuric acid is prepared using platinum 
to promote the conversion of sulphur 
dioxide into sulphur trioxide—was the 
Tentelev Chemical Plant in St. Petersburg. 
It is testimony to the expert Russian 
knowledge of catalysis that this factory 








could achieve in practice the process which 


the British vinegar manufacturer, Pere- 
grine Phillips, had thought out in 1831 and 
patented. 

Another very important catalytic reac- 
tion which we owe to Russia is that in 
which water can be ‘added’ to acetylene, 
using the catalytic aid of mercury salts. 
This reaction, discovered by Prof. M. 
KUCHEROV in the 1880s, went unex- 
ploited for some thirty years, until World 
War I when the Germans harnessed this 
reaction for the large-scale production of 
acetic acid. Today much glacial acetic 
acid is prepared commercially by this 
method of synthesis; the acetylene is 
hydrated by Kucherov’s method and so 
converted into acetaldehyde, which is 
rapidly oxidised by the oxygen of the air 
to peracetic acid; in the presence of 
manganous or cobalt acetate (a catalyst) 
the peracetic acid reacts with the acetalde- 
hyde to give acetic acid. The process is 
remarkably efficient for it yields a product 
that contains 96°, acetic acid. 

The value of catalysis research is fully 
recognised under the Soviet regime. One 
finds, for example, that the Institute of 
Chemical Physics, which SEMENOv* directs 
in Leningrad, contains a separate depart- 
ment devoted to the study of catalysis. 
The leading scientist there has been S. 
ROGINSKI, whose approach to catalytic 
problems i is, according to J. G. Crowther, 

“more physical than usual”, so that he 
devoted much attention to the phenomena 
of activated absorption. His work ties up 
with that of Semenov (who its a great 
authority on the mechanism of chain 
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Russian chemists de- 
veloped the scheme 
for gasifying coal 
underground origin- 
ally suggested by 
Mendeleef (1888), and 
more forcibly by Sir 
William Ramsay in 
1812 


reactions leading to explosions), for 
Roginski has studied the way in which the 
addition of traces of nitrogen oxides, water 
and nitric acid catalyse the decomposition 
of explosives (e.g. nitroglycerine). 

This department for catalysis in the 
Institute of Chemical Physics was set up 
with the practical problems of the chemi- 
cal industries in mind. To quote J. G. 
Crowther on this point, it was “‘intended 
to investigate the more recondite aspects 
of problems studied in many _ industrial 
institutes in the U.S.S.R., such as the 
Nitrogen Institute, the Sulphuric Acid 
Institute, the Petroleum Institute, and the 
Fats Institute’. 

Mention must be made of three im- 
portant chemists who were born in Russia, 
and started their careers in Russia. Firstly, 
there is the world-famous FEODOR 
BEILSTEIN (1838-1906), who was born in 
St. Petersburg of German parents. He 
went to Heidelberg and studied under 
Bunsen; in Munich he attended Liebig’s 
lectures, and then joined Wohler in 
Gottingen. Having gained much know- 
ledge from these leaders of German 
chemistry, he retired to Russia in 1866. 
In that year Mendeleeff was appointed 
professor of chemistry in St. Petersburg, 
with the result that chemistry students in 
that city had the choice of Mendeleeff or 


* SEMENOV was trained as a physicist. 
He became interested in chemical reactions 
when he had to investigate the mechanism 
that causes insulators to fail under electric 
discharges. He is a ‘chemical physicist’ 
rather than a ‘physical chemist’. 
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Beilstein, who was now professor in the 
Institute of Technology in St. Petersburg. 
Beilstein occupied that chair for thirty 
years, leaving to go to Lwow in 1896. 
Reilstein’s great contribution to chemistry 
was his Handbuch der Organischen Chemie; 
the first edition (2 volumes) of the rightly 
renowned Handbuch was issued from 
Hamburg in 1881-83, and was substan- 
tially complete by 1890. This book has 
been kept up to date, and in its revised 
and augmented form it still holds its 
place as the standard reference book on 
organic chemistry. 

The other two important chemists born 
in Russia were WILHELM OSTWALD (1853- 
1932) and TAMMANN. Ostwald was born 
in Riga, where he became professor of 
chemistry before going to Leipzig (where 
he worked from 1887 until 1906). A 
distinguished chemist in his own right (he 
won a Nobel Prize in 1909), he was the 
first man to appreciate thoroughly the 
significance of Arrhenius’s theory of 
ionic dissociation, which was_ being 
criticised so savagely that even Arrhenius’s 
teacher was trying to persuade him to drop 
the whole theory. Ostwald grasped the 
significance of the ionic theory immedi- 
ately, and was quite prepared to make 
room in his own laboratory for the young 
Swede. It was in fact in that laboratory 
that these two chemists ironed out the 
doubtful points connected with Arrhen- 
ius’s theory. The ‘Battle of the Ions’ was 
won as much by Ostwald as by Arrhenius, 
their principal weapon being the papers 
they published in the Zeitschrift fiir 
Physikalische Chemie, the new journal 
which Ostwald founded. Because of 
Ostwald the ionic theory gained prompt 
acceptance among Russian chemists, 
whereas in the countries where chemistry 
had been a profession for a longer time, 
and where as a result there were plenty of 
vested interests tending to stifle instead 
of foster new and revolutionary ideas, the 
theory languished. 

TAMMANN’S name is immortalised in 
Tammann’s Law, which has to do with the 
formation of alloys. He had suggested 
(1919) the so-called ‘order’ in alloys, as 
an explanation of the chemical behaviour 
of certain copper-gold alloys. His lead 
put others on the road to the discovery of 
the ‘super-lattice’ structure in a copper- 
gold alloy; this kind of crystal lattice 
Structure was elucidated by X-ray cry- 
stallographers who had been interested by 
Tammann’s hypothesis. 

Most of the facts so far given in this 
article tend to disprove of the thesis that 
Russian science in general, and Russian 
chemistry in particular, were in a sorry 
state before the Revolution of 1917. The 
Statement of the president of the Soviet 
Academy of Sciences, S. I. Vavilov, 
about the “‘at best negligent and contemp- 
(uous attitude of the Tsarist governments 
towards the problems of science’’ being 
typical and traditional and persisting until 
the very eve of the October Revolution, 
can only be justified if one is to stretch 
considerably the true historical facts. 
His further generalisation that ‘‘Peter’s 
le. Peter the Great’s] successors on the 
Russian throne did not share in his 
respect for science, did not realise its 


importance to the state” is equally hard to 
accept at its fece value, if for no other 
reason than that the attitude of the Tsar 
towards science varied with the personality 
of the Tsar, and there is no doubt that 
personal qualities varied enormously from 
Tsar to Tsar. What point is there in 
falsifying history, which Vavilov did in 
ignoring the myriad of details testifying 
to the fact that Tsars other than Peter the 
Great did exist who were in fact interested 
in science? The visit of the Tsar to the 
laboratory of Berzelius, already mentioned 
in this article, is just one among a multi- 
tude of such facts which have to be taken 
into account if one is to get anywhere near 
the truth about the history of Russian 
science. 

One might gather the impression from 
Soviet literature that a promising young 
student of Tsarist days had little or no 
chance of gaining access to a scientific 
education. Yet Mendeleeff had a scien- 
tific education, in spite of the fact that he 
was the fourteenth child of a Siberian 
teacher—the two adjectives are under- 
lined to emphasise two factors that would, 
under any system of government, have 
reduced his chances of getting the right 
educational opportunities. Yet we find 
that, when he was 16 years old, he did get 
to the Pedagogical Institute in St. Peters- 
burg (a training college for high-school 
teachers), and there he received a useful 
grounding in chemistry, physics and 
mathematics. He qualified there as a 
science master, and proceeded to take up 
a post as such at Simferopol in the Crimea. 
On the outbreak of the Crimean War, he 
left for Odessa, and we next find him in 
St. Petersburg as a privat-docent, which 
enabled him to teach. (It did not provide 
him with a salary: his income amounted 
to what he could save from the fees paid 
by the students attending his lectures.) 
Soon afterwards he decided to go abroad 
in order to increase his chemical know- 
ledge. As a teacher he had to get leave of 
absence, but the records show he had no 
real difficulty in getting this from the 
Ministry of Public Instruction. So 
Mendeleeff was able to study in France 
and Germany, where he learnt much from 
Regnault, Bunsen and Kirchhof (who 
added the spectroscope to the chemist’s 
equipment and himself discovered two 
new elements by spectrum analysis). On 
his return he won a valuable prize for his 
textbook of organic chemistry (a remark- 
able work of five hundred pages, which he 
wrote in sixty days!), and gained his 
doctorate. Before he was thirty-two, he 
was a full professor at St. Petersburg. 
Mendeleeff’s career shows that it was very 
far from impossible for a person with a 
bent for science to achieve his ambition 
within a reasonable period of time. And 
one notes again that in his case, the circum- 
stances of his birth were not calculated to 
increase his chances of success. 

Of a somewhat later period V. N. 
Ipatieff, who was to spend thirteen years 
in Russia after the Revolution and who 
was commissioned by the Soviet Govern- 
ment to plan, within the Praesidium of the 
Soviet Supreme Council of National 
Economy, the development of the chemical 
industries, has written as follows of the 
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advancement of science which began in the 
1850s: 

Like a sponge, Russia started to absorb 
the advancements on science made in the 
West. Many young and even older people 
went abroad for study and specialisation in 
the sciences, especially in natural sciences, 
such as physics, chemistry, physiology, etc. 
.. . Contact with western science became a 
great stimulus to the development of 
sciences in Russia, which, being a young 
country with negligible means for realisa- 
tion of new scientific ideas in its laboratories, 
was nevertheless not slow in demonstrating 
the great potential energy of Russian genius 
and the ability to create “its own Newtons”’. 

These Russian scientists who travelled 
abroad often came back with political 
ideas that were considered to be subver- 
sive by the bureaucrats of the Tsarist 
period. Mendeleeff, whose wild chemical 
speculations made scientific history, was 
equally wild in his political speculations. 
In his advocacy of social reforms he could 
be very violent in his denunciations of 
Russian bureaucracy. Nevertheless, he 
always was treated with respect by the 
men at the top of the governmental 
hierarchy. Bernard Jaffe states that ‘‘on 
more than one occasion when {Mendeleeff | 
showed signs of political eruption, he was 
hastily sent away on some government 
missions. Far from the centres of unrest he 
was much safer and of greater value to the 
Officials.” 

This was a difficult period of Russian 
history in wh‘ch the flames of revolt were 
fanned by young students who had re- 
turned from older and more stable 
countries where more advanced ideas 
about freedom had been given practical 
effect either by law or by custom, or by 
both. Tsar Alexander II was developing 
a system for abolishing serfdom and 
“settling the land question of his twenty- 
three million serfs’, reforming the law, 
relaxing the censorship of the Press and 
increasing educational facilities when a 
revolt began in Poland (then under 
Russian rule). This revolt killed the 
prospect of completing the big reforms 
then in progress. The students of St. 
Petersburg University chose this critical 
time to present a petition demanding 
reform of the university. Mendeleeff 
personally supported this petition, and 
when it was rejected as being inopportune, 
he resigned his_ professorship. His 
political views led the St. Petersburg 
Academy of Sciences to refuse him 
membership of its chemical section, 
though it is not clear whether his rejection 
was connected with the Tsar’s patronage 
of the Academy or with the traditional 
conservatism of scientific societies. But 
it is worth noting that the University of 
Moscow immediately made him an 
honorary member, which suggests that 
this particular academic institution had 
little fear of the Russian Government. — 

It is said by S. I. Vavilov that “‘many an 
important labour begun by a Russian 
scientist ceased with its author’s death and 
was consigned to oblivion”. This was 
certainly true of many discoveries which 
were capable of industrial application. 
The reason for this in the field of chemis- 
try was that chemical industry was notably 








294 





deficient—which was not surprising in a 
country with a predominantly agricultural 


economy. (The same kind of economy 
has characterised India, where again the 
chemical industries in general are poorly 
developed.) 

The degree of inadequacy shown by the 
chemical industries of Russia was starkly 
revealed in World War I. Only the most 
simple chemicals were available from 
Russian factories—such chemicals as soda, 


sulphuric acid, and ammonia.-’ Explosives _ 


were available, and also materials like 
industrial alcohol, glycerine and soap. 
But all dyestuffs and pharmaceuticals 
were imported from Germany, though in 
this respect both Britain and the U.S.A. 
with flourishing heavy chemical industries 
were also caught short, as a result of the 
way I. G. Farbenindustrie had been 
organised by the German Government to 
knock out foreign competitors—an item 
of economic planning which was as much 
a carefully calculated preparation for war 
as anything that was organised by the 
German military planners. 


V. N. Ipatieff quotes (in Journal of 


Chemical Education, 1943, Vol. 20, No. 4, 
p. 159) two cases which show that the 
Russian chemical industries that did exist 
in 1914 were badly integrated, and the 
peculiar nature of this lack of co-ordina- 
tion between different branches of 
chemical manufacture suggest that it 
arose out of the haphazard way in which 
industrial chemistry developed in Russja. 
The first case concerns benzene. Ipatieff 
says: The war ministry wanted to be assured 
that trinitrotoluene used as an explosive 
should be made of domestic material, and in 
its contracts with industrial firms insisted 
that domestic toluene be used. However, 
they paid no attention to the source from 
which the toluene was obtained, and while 
toluene was actually produced in Russia, it 
was obtained from so-called ‘crude benzol’ 
(i.e. crude benzene), a product of coal 
coking, the entire supply of which was im- 
ported from Germany. The domestic 
industry was limited in this case to the 
distillation of crude benzol and the prepara- 
tion of a fraction containing toluene. In 
1914, at the beginning of the war with 
Germany, Russia produced no crude benzol 
as a coking product and found itself without 
toluene, a fact which was very well known 
to the enemy. 


This postage stamp shows 
Mendeleeff with his periodic 
table in the background. 


This backwardness in the chemical 
technology of coal seems incredible when 
one remembers that Russia had not lacked 
good organic chemists whose discoveries 
could have been applied as effectively as 
they were abroad. (Though it is a curious 
fact that benzene was not made available 
commercially in Britain as speedily as it 
should have been; Perkin, for instance, 
found great difficulty in getting benzene of 
satisfactory quality when he started his 
factory to produce the first aniline dye.) 

There is no doubt that the general 
deficiencies in Russian chemical techno- 
logy arose because of plain bad manage- 
ment of the industry as a whole, as the 
second case quoted by Ipatieff proves: 

Another shining example of mismanage- 
ment in Russian industry is the case of 
potash. Crude potash was produced in 
Russia before the First World War by 
burning enormous quantities of sunflower 
plants after removal of the seeds. This 
crude potash was sold for a trifle to Ger- 
many and refined potash bought from 
Germany at a high price. 

The leaders of the 1917 Revolution were 
acutely aware of the leeway which the 
chemical industries had to make up, and 
accordingly the development of these 
industries was given top priority in their 
plans. 

The Academy of Sciences was harnessed 
to the Government much more closely 
than ever before. There was, for example, 
a plan for the Academy’s activities which 
Lenin himself wrote out. This plan called 
for the scientific location of industry, the 
idea being that transport of raw materials 
to factories should be minimised; it called 
for a policy of industrial self-sufficiency— 
in order to secure, “without the Ukraine 
and without the German-occupied terri- 
tories [this plan was drawn up in 1918] 
the maximum possibility to supply [Russia] 
independently with all the most important 
types of raw materials and industry.” 
Lenin’s plan also called for the intensive 
development of industrial electrification, 
and the efficient utilisation of poorer fuels 
(low-grade coal, for example, and peat) to 
provide electric power. 

All of these points involved chemical 
problems requiring urgent solution if the 
ambitious plans of Lenin were to be 
implemented. To this end many research 
institutes were founded, the management 
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of which was the responsibility of the 
special scientific/technical division of the 
Supreme Council of National Economy. 

Among these institutes was the Institute 
of Applied Mineralogy, with a vital part to 
play in the discovery of new mineral 
deposits. A notable success arising from 
the intensive and scientific approach to 
prospecting was the finding of large 
apatite deposits in the Kola Peninsula. 
Apatite contains phosphorus, and so this 
discovery meant a possible new source of 
phosphate fertilisers for agriculture. But 
apatite needs to be treated before it can 
be spread on the land, and this called for 
research. The research needed was done 
by the Institute of Fertilisers, set up in 
1919. Methods for making fertilisers from 
apatite were duly worked out and applied 
industrially. This episode shows the way 
in which Soviet planning and integrated 
research can pay dividends, though this 
specific piece of planning involves nothing 
complicated in the way of organisation 
and can be paralleled by many similar 
instances of efficient development of 
minerals under a free-enterprise system 
such as the American. 

These institutes for applied research 
were expanded very rapidly, so that by 
1935 their number had increased to a 
hundred. Their staffs numbered over 
33,000; of these 33-5°, were scientists, and 
28-1°, technicians, engineers and labora- 
tory assistants. 

The achievements of the chemical 
industries under the Soviet regime have 
been remarkable. The nitrogen-fixation 
industry was expanded to the size neces- 
sary to meet the needs of agriculture and 
for explosives. A pharmaceutical industry 
was built, and derived much benefit from 
the research done by such chemists as 
CHICHIBABIN and OREKHOV. 

A synthetic rubber industry was created. 
This was based on the researches of S. V. 
LEBEDEV and his predecessor, S. ByZov. 
Ipatieff in 1943 assessed the output of 
butadiene rubber (which is similar to 
German Buna rubber) at 100,000 tons a 
year. Alcohol is the raw material for this 
process. 

World War II showed the strength of 
the chemical industries of Russia. Chem- 
istry contributed their share to defeating 
the enemy when they threw their talents 
into the research, development and manu- 
facture of such outstanding items as 
rocket projectiles, aeroplanes, new types 
of armour for tanks and new types of 
armour-piercing shells. 

Collectively, Russian chemists have 
achieved miracles since 1917. If only a 
few great names (e.g. Semenov) have 
emerged during the Soviet period, is it 
because great research chemists have in 
fact been rare or is it because they have 
completely sunk their individuality in the 
team-work which is the dominant feature 
of science in modern: Russia? 
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THE DUKE OF EDINBURGH'S 


PRESIDENTIAL ADDRESS TO THE BRITISH ASSOCIATION * 











In Aberdeen in 1859 my great-great- 
grandfather started his address to the 
British Association with these words: 

“Your kind invitation to me to under- 
take the Office of your President for the 
ensuing year could not but startle me on 
its first announcement. The high posi- 
tion which Science occupies, the vast num- 
ber of distinguished men who labour in 
her sacred cause, and whose achievements, 
while spreading innumerable benefits, 
justly attract the admiration of mankind, 
contrasted strongly in my mind with the 
consciousness of my Own insignificance in 
this respect.” 

| cannot improve on this to express my 
own feelings, but, like him, I reflected 
upon your invitation and came to the 
conclusion that it is just as an outsider, a 
layman so to speak, that I can be useful to 
you and to Science. This very invitation 
seems to me to demonstrate that Science 
is not a magic circle and that you wish us 
to enter your confidence. In return the 
least | can do is to show our appreciation 
of the work of scientists and to give you 
a layman’s impression of the march of 
science in the last hundred years. I crave 
your indulgence if I have drawn any false 
conclusions and I hope that during the 
meetings which will follow this one, the 
experts will take the opportunity to make 
any corrections. 

The Prince Consort had very much less 
reason to be modest about addressing you 
than I have, because this year we celebrate 
the anniversary of the Exhibition which 
was his greatest achievement, and an 
event which had an untold value to 
Science. Let us hope that this year’s 
Festival will be judged a worthy successor 
and an inspiration for the future. I am 
proud to pay tribute to this man who saw 
so clearly the part Science was destined 
to play in the future of this country, and 
my address to you to-night is largely the 
story of the fulfilment of his hopes. 


THE STARTING POINT 


In a review of British science and tech- 
nology 1851 is a convenient starting point 
for two reasons. Firstly, the Exhibition 
of that year can be regarded as a gigantic 
stocktaking of the national resources and 
technical skill. Secondly, because it 
marked the end of the Industrial Revolu- 
tion and the conversion of Victorian 
England to the policy of industrial ex- 
pansion on which our future still depends. 


Ques 





* A report on the Edinburgh 
meeting held on August 8-15 
will appear in the October 

issue 





The period as a whole saw the climax of 
our industrial supremacy and its inevitable 
decline when countries with greater re- 
sources and population learned from us 
the lessons of the mechanisation of in- 
dustry. It also covers the birth and 
growth of the new concepts of modern 
science. 

Social conditions of a hundred years 
ago were, generally speaking, the outcome 
of the Industrial Revolution, but with all 
the traditions of the England of agriculture, 
cottage industry and small market towns. 
The population of 20 millions was growing 
fast but still small compared to our 50 
millions of today. Education was limited 
to a minority and was almost entirely 
classical, so the new profession of engin- 
eering had to draw its recruits from a 
different sphere, that of self-educated men. 
A new wealthy class was growing up in 
the commercial world to rival the old 
aristocracy. There was unbounded opti- 
mism about the future and ample scope 
in commerce and industry to attract all 
intelligent and enterprising men. The 
number of poor was on the increase and 
their conditions were deteriorating be- 
cause, as yet, no social conscience had 
grown up to replace the _ patriarchal 
responsibility of the landowners and 
master craftsmen. 

In the domestic field, lighting was by 
candle and oil lamps, cooking and heating 
by coal or wood in ranges or open fires 
with the consequent enormous waste of 
energy. Food had to be fresh or crudely 
preserved, and thus needed to be pro- 
duced locally. In health and hygiene the 
figures speak for themselves. In 1851 the 
infant death rate was 150 per 1000 living 
births compared with 25 per 1000 today. 
Anaesthetics, antiseptic surgery, biochem- 
istry, tropical medicine, were all virtually 
unknown or in their infancy. Psychology 
had not yet achieved independence from 
philosophy on the one hand and physio- 
logy on the other. 

This was the age of the practical engin- 
eer and of processes arrived at by intui- 
tion born of experience and by trial and 
error. Technology was concerned with the 
application of steam power, with metal- 
lurgy and the working of metals for 
various purposes, and with the production 
of machine tools and precision machinery. 
Men were already turning their minds to 
other types of engines and the internal 
combustion engine was in the process of 
development. 

Scientists, while continuing their search 
for the secrets of nature, were beginning 
to turn their attention to exploring the 
empirical developments of industry. Their 
numbers as yet were small, the endow- 
ments for research were negligible and 
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much of their work was carried out in the 
watertight compartments of the different 
sciences. But the seed had been sown 
and it was not long before scientists and 
engineers were preparing the way for 
the great technological harvest of the 
twentieth century. 


THE CONDITIONS 


The changes brought about in the lives 
of men and women in the last hundred 
years have been greater and more rapid 
than during any other period in history, 
and these changes have been almost 
entirely due to the work of scientists and 
technologists all over the world. They 
have not only affected the way of living 
of all civilised peoples but have also 
vastly increased our knowledge about 
ourselves, the earth we live on and the 
universe around us. I cannot emphasise 
too much that the sum total of scientific 
knowledge and technological progress is 
an international achievement to which 
every civilised country has made some 
contribution. 

And now before considering the con- 
tribution of the British Commonwealth, I 
should like to sketch what appear to a 
layman like myself to have been the main 
influences on the course of scientific and 
technical achievement since 1851 and 
their relation to one another. 

The great stimulus of the 1851 Exhibi- 
tion created a growing interest in tech- 
nical education and research, followed by 
a widening of the scientific horizon which 
was soon to find expression in borderline 
subjects. For the next fifty years science 
advanced rapidly, but in most fields there 
was a wide gap between science and in- 
dustry. Electricity was an exception and 
the groundwork was already being laid 
for the electrical revolution of the Vic- 
torian age. Medicine was on the verge 
of breaking away from mediaeval practice 
and taking the first steps towards its 
modern pattern, while British colonial 
development stimulated the study of 
tropical disease. 

Between 1851 and 1870 practice, in 
many industries, was ahead of science, and 
in that period the large number of inven- 
tions of the industrial revolution were pro- 
gressively improved and widely applied. 
These inventions, which added so much 
to our industrial production, were mainly 
the work of British genius. They were 
of great economic advantage to this 
country and were quickly exploited com- 
mercially. New factories and plants were 
built to include the very latest ideas, and 
with the expansion of industry came the 
demand for more and more new ideas and 
greater efficiency. This demand was a 
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direct stimulus to technoiogical invention 
as well as an indirect stimulus to science. 
We are still struggling with the social 
results of this vast expansion. 

From 1870 to 1890 the highwater mark 
of British industrial expansion, as com- 
pared with other countries, had been 
reached and the competition of the 
United States and Europe was just be- 
ginning to be felt. But the lack of serious 
competition hitherto had bred a feeling 
of over-confidence and satisfaction in the 
methods and processes employed. The 
result was a conservative attitude towards 
technical change and, particularly in the 
older industries, neglect of scientific re- 
search. Accumulation of wealth and the 
income from foreign investments in any 
case made the country as a whole less 
dependent on the efficiency of her in- 
dustries. Concurrently a subtle change 
occurred in the type of British exports. 
So far the products of our machinery, 
such as rails and rolling stock, had been 
shipped abroad for immediate use, but 
now machines themselves were exported 
to do their work in the factories of Europe 
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and America instead of in Britain. The 
result of this was to intensify foreign in- 
dustrial competition between 1890 and 
1914, but with the increasing demands 
from the Colonies the volume of British 
exports was not greatly affected. 

Then came the critical years of the First 
World War bringing a realisation of the 
part science must play in the industrial 
and military strength of the nation. For 
the first time in history a real attempt was 
made to enlist the services of science 
in the war effort and the Department of 
Scientific and Industrial Research was 
founded to further the application of 
science in industry through Government 
Laboratories and Research Associations. 

The effects of these measures appeared 
clearly in the inter-war years when there 
was a marked swing of education from 
classics towards science. Coupled with 
this the war had directed the attention of 
many research scientists to practical ob- 
jectives so that after the war there was a 
rapid expansion of industrial research. 
Scientific progress was no longer confined 
to the work of a few brilliant individuals, 
but came also from teams of research 
scientists each working on different parts 
of the same problem. It was during this 
period that many new commercial re- 
search laboratories grew up, employing 
scientists to discover new processes and 
materials connected with their industry as 
a direct weapon of competition. 

The war had also shown a great weak- 
ness in our dependence on foreign produc- 
tion for many vital articles, such as dye- 
stuffs, scientific instruments and optical 
glass, in the manufacture of which 
scientific research played an essential part. 
This weakness was remedied with the 
help of the Key Industry Import Duties 
which gave the necessary support and 
encouragement to the establishment of 
these industries at home. 

It is true that manufacturers in some of 
the older industries still cling to tradi- 
tional methods in spite of the pressure of 
competition from America and other 
countries. And in this connexion it is 
significant that the history of production 
engineering after 1890 is almost entirely 
confined to the United States. 

It was, however, a period of rapid de- 
velopment in Britain. The invention of 
the internal combustion engine and the 
pneumatic tyre had opened new branches 
of industrial engineering, and the demand 
for fuel for motor cars and aircraft gave 
birth to the new technology of oil. In the 
electrical, chemical and aircraft industries, 
science was fully enlisted in the fields of 
electronics, synthetic fibres, plastics, aero- 
dynamics and light alloys. Consequently 
the outbreak of war in 1939 found us ina 
much stronger position to meet the im- 
mense demands it made on all branches 
of technology for new gadgets, machines 
and weapons. From the outset science in 
all its forms and branches was harnessed 
and completely co-ordinated with the war 
effort. It was only the intimate partner- 
ship of science and engineering with the 
Staffs of the Fighting Services that enabled 
us to meet swiftly and effectively the ever- 
changing menace of total war. 

The tremendous demands on _ our 
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industries had some good after-effects. 
Once again these demands revealed weak- 
nesses where our industrial capacity was 
out of date. The realisation of this has 
initiated comprehensive reconstruction on 
most modern lines. The almost complete 
absence of income from our foreign in- 
vestments has forced us to rely once mcre 
on Our capacity to make the goods the 
world requires. Our industry and pro- 
ductivity have shown a wonderful im- 
provement, but there is still a lot more 
that can be done. The rate at which 
scientific knowledge is being applied in 
many industries 1s too small and too slow. 
Our physical resources have dwindled, 
but the intellectual capacity of our 
scientists and engineers is as great as ever 
and it is upon their ingenuity that our 
future prosperity largely depends. 


THE CONTRIBUTION 


I would like to make a brief survey 
of the British contribution to natural 
knowledge and technology and pay a 
tribute to some of the great men of science 
of the last hundred years. 

In some branches almost the whole 
story can be told since one problem after 
another has been solved by _ British 
scientists. In others there are many blanks 
and gaps where the vital links in the chain 
were forged abroad. But looking at the 
whole vast field of abstract and practical 
science there can be no doubt that during 
this period the contribution of the British 
Commonwealth has been of outstanding 
importance. 

Our knowledge of the stars, the heavens, 
and our place in the universe has increased 
steadily through the centuries, but since 
1851 some of the most important links 
were supplied by such men as Eddington, 
Jeans and Milne in their work on mass, 
luminosity and stellar evolution. Huggins 
made a great contribution with his appli- 
cation of spectrum analysis to astronomy, 
and Lockyer’s discovery of helium in the 
sun had a significance far beyond the 
realms of astrophysics. 

Coming nearer to the earth, the work 
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of Abercromby and Shaw on the be- 
haviour of the earth’s atmosphere in the 
troposphere started the scientific study of 
weather and weather predictions, and 
Appleton’s research into the ionosphere 
extended this to the upper air. 

Chemistry has fascinated man from the 
earliest times, and vast progress has been 
made in the last hundred years both in 
knowledge and theory. Much fresh 
ground was broken by Crookes by his 
work on spectra, his discovery of thallium 
and of ‘radiant matter’ known later as 
cathode rays. Long after everyone was 
quite sure of the composition of the air, 
Rayleigh found another ingredient which 
he called argon and so started the hunt for 
other inert gases. In organic chemistry 
both Perkin and Robinson have added 
enormously to our knowledge of the 
structure of carbon compounds, and to our 
power to copy natural products syn- 
thetically. The development of X-ray 
analysis by the two Braggs, father and son, 
has given us a means of finding the actual 
arrangement of the atoms in the molecule 
and has revealed the accuracy of the 
chemists’ conclusions about the architec- 
ture of molecules based on their reactions 
with one another. This is a most striking 
example of the power of the theoretical 
and practical scientist to penetrate 
nature’s secrets. 

Going beyond the chemist and _ his 
molecules we come to the physicist and 
the study of even smaller particles. 
Thomson’s discovery of the nature of the 
electron was the first attack upon the 
integrity of the atom. Next, thanks to 
Rutherford’s brilliant research and keen 
intuition, came the nuclear theory which 
revolutionised our ideas of matter. To 
prove it, he was the first man to succeed 
in the transmutation of an element. It 
IS appropriate to mention Moseley’s work 
on the X-ray spectra of the elements, as 
it already showed such great promise, 
before he was killed at Gallipoli. 

Parallel with this activity in the physical 
sciences there occurred a technological 
revolution of even greater scope and 
variety. The Darbys of Colebrookdale 


were the lineal ancestors of Bessemer, 
Thomas and Siemens, and the whole 
technology of metals. First cheap cast 
iron followed by cheap steel, then steel 
from phosphatic ores, completely changed 
the materials available to engineers, ship- 
builders and architects. Scientific metal- 
lurgy can be said to have started when 
Sorby first applied a microscope to the 
surface of metals. The way was opened 
for the investigation of the metallic alloys 
which came in quick succession from de- 
velopments in which Hadfield and Rosen- 
hain made outstanding contributions. 

It was not long before the possibilities 
of these new materials were recognised, 
and the great majority of the mechanical 
developments of the period were due to 
new alloys which could withstand higher 
stresses. But before these materials could 
be fully used Maudsley and Whitworth 
had to lay the foundations of production 
engineering, and Mushet had to do 
pioneer work in developing tungsten steel 
as the first high speed cutting tool. 

The reciprocating steam engine of the 
industrial revolution was the main source 
of power until Parsons invented the steam 
turbine, which revolutionised larger-scale 
power production on land and sea. But 
that was not the only source of power to 
rival the push-and-pull engine. The in- 
ternal combustion engine, in which Dugald 
Clerk and Ackroyd-Stuart were among 
the early pioneers, has proved to be a 
formidable challenger in many fields. In 
marine engineering, Froude’s work on 
hull forms and propellers enabled the full 
benefit of the new prime movers to be 
reaped at sea. 

Here I wish I could mention early 
British pioneers of motor-vehicles but, as 
is well known, restrictive legislation drove 
the development of the motor car abroad, 
until the repeal of the speed limit in 1903 
gave scope to the genius of Royce, Lan- 
chester and Ricardo. In place of the 
motor car, however, we have Lawson to 
thank for the invention of the safety 
bicycle; and all wheeled vehicles except 
those running on rails, owe their rapid 
development to Dunlop’s invention of the 
pneumatic tyre. The material required 
for this started the vast natural and 
synthetic rubber industry, and has made 
famous the name of Wickham for a 
brilliant feat of smuggling, when he 
brought the rubber seeds from Brazil to 
Kew, from which sprang the rubber 
plantation industry of the East. 

In flying, the names of the pioneers and 
their feats are legion, and more than in 
any other mechanical science the develop- 
ment of aerodynamics has been shared by 
many nations, but Lanchester’s vortex 
theory was one of the stepping stones to 
powered flight, and the achievement of 
Alcock and Brown in making the first 
Atlantic flight in 1919 speaks highly for 
the tremendous scientific and techno- 
logical background of flying in_ this 
country. Of outstanding importance and 
consequence was the genius which Mitchell 
brought to aircraft design, and, more 
recently, Whittle’s pioneer work has 
given us the lead in jet engine production 
both for civil and military use. 

Following on the immense progress in 
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metallurgy and mechanical engineering, 
the most far-reaching development of the 
period has been that of electricity and 
electronics. Although the key discovery 
belongs to Faraday in an earlier period, 
the second founder of the science is un- 
doubtedly Clerk Maxwell, with his classic 
treatise on electro- -magnetism. The use 
of electricity for domestic and industrial 
purposes was helped by Wilde’s develop- 
ment of the dynamo and then by Swan’s 
incandescent lamps. Wheatstone and 
Kelvin pioneered the use of electricity for 
communication by their work on line and 
cable telegraphy. Wireless telegraphy 
soon followed and the work on tuned 
circuits by Lodge, and Marconi’s many 
brilliant developments made in. this 
country with the General Post Office and 
the Navy, soon made radio a practical pro- 
position. Heaviside and Appleton made 
further contributions on the propaga- 
tion of radio waves. It is interesting to 
see that the technique used by Appleton 
in his pulse-ranging on the ionosphere and 
upper layers was later developed by 
Watson-Watt into radar which is now 
almost indispensable to airmen and seamen 
all over the world. And here Randall’s 
development of the magnetron for high 
frequency radar was one of the major con- 
tributions to the Allies’ equipment for war. 

Television has a wide parentage, but 
Baird’s name will always be linked with 
the first successful pictures. 

Another great innovation of these hun- 
dred years was the discovery and develop- 
ment of plastic and synthetic materials. 
The story starts with Parke’s discovery of 
celluloid and Cross and Bevan’s manu- 
facture of viscose which gave birth to the 
rayon industry and the many later types 
of synthetic fibre. Perkin’s mauve, first 
of the aniline dyes and Kipping’s new 
silicon compounds were, however, dis- 
regarded by industry in this country. 
But we see today a change of heart in the 
development of our industrial labora- 
tories of two new plastics, perspex and 
polythene, with almost an unlimited range 
of applications in the air, on the ground, 
and at sea, 
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The effect all this has had upon the 
citizen varies naturally with where and 
how he lives, but basically it has given 
him reliable light and heat in his home, 
push button communication with almost 
any part of the world and home entertain- 
ment of a high quality. His transport on 
land, at sea, and in the air is quick, com- 
fortable and clean. In addition he has a 
vast range of materials with which to 
clothe himself and to furnish and embellish 
his home. Almost more important, these 
developments have brought about a com- 
plete change in his conditions of work. 

But if the citizen has benefited, so too 
has Science from the great array of new 
techniques that have been invented, and 
the new tools with which the scientist and 
technologist can burrow, hack and worry 
at the growing mountain of problems to be 
solved. 

So far I have dealt with the physical 
sciences. Now I would like to turn 
briefly to the biological and psychological 
sides, which after a slow beginning in this 
country have made increasingly rapid 
progress. 

The whole field of biological science in 
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this period is overshadowed by the works 
of Darwin presented in his Origin of 
Species and The Descent of Man. 
Nothing has done so much to widen man’s 
thoughts at his conception of evolution as 
the great law controlling living things, 

“that progress comes from unceasing 
competition, through increasing selection 
and rejection. 

In the basic study of living things some 
of the most important contributions from 
this country were the pioneer work of 
Francis Galton and William Bateson in 
the field of heredity, Sherrington’s work 
on the integrative action of the nervous 
system, and Dale’s and Adrian’s contribu- 
tions to our knowledge of the transmission 
of nervous impulses. 

The science of biochemistry is relatively 
new, and Gowland Hopkins was its foun- 
der in this country. His discovery of the 
significance of accessory food factors, 
leading up to the recognition of vitamins, 
Started the modern science of nutrition. 
Other landmarks were Bayliss and Star- 
ling’s recognition of the part played by 
hormones in the blood stream, followed 
by Banting and Best’s tsolation of insulin, 
and Harington’s synthesis of thyroxin 
here in Edinburgh. 

Fleming working on bacterial cultures 
discovered the antibacterial properties of 
penicillin, and later Florey and Chain, at 
Oxford, found that penicillin could be 
extracted in a highly purified form, and 
used it to treat human disease. 

Modern surgery can be said to have 
been born in Scotland with Simpson’s 
discovery of the use of chloroform as an 
anaesthetic and Lister’s antiseptic tech- 
nique based on Pasteur’s bacteriological 
discoveries. A further advance of the 
greatest of value to surgery as a science 
was Macewen’s aseptic technique which 
made surgery clean and safe, followed by 
his classic work on the brain and spinal 
cord. 

If Lister was the father of modern 
surgery, then Manson was the father of 
tropical medicine, and it is particularly 
in this field that the British contribution 
has led the world. The discovery by 
Ross that malaria is carried by the 
anopheles mosquito and, much later, the 
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work of Fairley in Australia on its pre- 
vention and cure have been of the greatest 
benefit to mankind. Bruce will always 
be remembered for his discovery of the 
part played by the deadly tsetse fly in the 
transmission of sleeping sickness and his 
work on Malta fever. Finlay, Adrian 
Stokes and Hindle stand high among the 
names linked with the study and preven- 
tion of yellow fever. 

These were all vital efforts towards the 
prevention of sickness, but there is another 
aspect of medical practice in which the 
Commonwealth has taken a leading part 
—the promotion of health. It was Sir 
John Simon, the first Medical Officer 
appointed to a central authority, who 
made a careful statistical study of the 
causes of sickness, with a view to taking 
effective measures for the health of the 
community at large. Through his leader- 
ship health services have been provided 
in regular stages throughout the country. 
At first these were largely aimed at pro- 
viding pure water, effective sanitation, 
and the abolition of slums; but since the 
beginning of the present century the 
personal health services, especially in the 
case of mothers, babies, and school chil- 
dren, have become national in scope and 
lead the world. 

There are two other fields in which the 
biological sciences play a major part. 
The first is in the preservation of food and 
in nutrition which has had the most pro- 
found economic, and social effects. The 
ability through freezing, drying and 














canning to import large quantities of food | 


has enabled a rapidly increasing popula- 
tion to maintain and increase its stand- 
ards of living, which would have been 
impossible had it been dependent on 
British agriculture alone. The scientific 
study of nutrition has made it possible to 
improve the health of the population and 
in war to feed the people with the mini- 
mum of waste. 

Mort had the first freezing works in the 
world at Sydney, and was a pioneer in 
refrigeration, but success in transporting 
meat to Britain had to wait for the de- 
velopment of more reliable refrigeration 
plant. Since 1918 the Food Investigation 
Laboratories of the 
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Scientific and Industrial Research, of which 
Sir William Hardy was the first director, 
have established the basic biological 
knowledge on which the storage, and 
transport of meat, fish and fruit are now 
largely based. 

The second field is in agriculture, where 
in order to compete with cheap foreign 
foods the most successful farmer is one 
who enlists the full assistance of science. 
Lawes, who discovered how to make and 
use superphosphate, and started the great 
fertiliser industry, was quick to realise 
this. He founded Rothamsted, now the 
oldest agricultural research station in the 
world, and there he and Gilbert carried 
out the first scientifically controlled field 
experiments which laid the foundation 
of agricultural science. Later, Biffen’s 
pioneer work in plant breeding at Cam- 
bridge became one of the greatest contri- 
butions to the problem of feeding the 
world’s growing population. He showed 
how it was possible to breed strains of 
wheat combining resistance to disease 
with high yields and good milling pro- 
perties. In the field of animal breeding, 
the foundation of the most important 
aspect of British agriculture today, I will 
mention amongst the many investigators 
only Cossar Ewart and Crew who did so 
much to advance its scientific study here 
in Edinburgh. The mechanisation which 
was to revolutionise farming in all parts 
of the world was also under way and 
Britain was playing a leading part. ‘The 
reaping machine, for instance, was in- 
vented by Patrick Bell in 1826 although it 
was not manufactured until 1852. 

There is no need to point out the effect 
which all these improvements, discoveries 
and inventions have hadon Society. It 
is this group of biological sciences which 
have had the most far-reaching social 
results, and it is particularly during and 
since the last war that it has been possible 
to exploit them. 

There is one science which I have not 
yet mentioned. It is both the youngest 
science and the oldest problem. The 
Study of man’s mind was the province of 
the philosopher until the middle of the 
nineteenth century, when it separated 
from him and began its independent 
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existence as the science of psychology. 
The foundations were not laid in this 
country, but important contributions 
were made, both from the biological and 
the philosophical sides by men like Ferrier, 
Bain and Ward. Sully’s work on child 
psychology was the first of its kind. But 
probably the most outstanding figure in 
this country was Galton, whose teaching 
is widely respected in all psychological 
laboratories, and who was the first to 
develop an interest in the mental differ- 
ences between individuals—a field in 
which British psychology has made some 
of its greatest contributions. Again it is 
only recently that full practical advantage 
is being taken of the progress made in this 
branch of science, but the results of that 
application may be as important as the 
many more easily understood develop- 
ments in the purely physical world. 


THE IMPLICATIONS 


The story of the British Contribution to 
science in the past century is indeed im- 
pressive and I am very pleased to have 
this opportunity to pay tribute to the men 
whose achievements I have been dis- 
cussing. But this story would not be 
complete without studying the wider 
implications of their work and examining 
some of the lessons to be learnt from it. 

The concrete measurement and indirect 
effect of all scientific effort is the general 
improvement in the condition in which 
people live and work, it is in. the improve- 
ment in health, in the expectation of life 
and standards of living. The latter, in- 
cluding not only food and clothing, but 
housing, home comforts, medical care, 
education, books and newspapers, recrea- 
tions and travel facilities. In every one 
of these directions the progress that has 
been made has amounted to a revolution. 

Not all this springs directly from science 
and invention. Much has been due to the 
politicians and administrators, and behind 
them to religion, morals, education, art 
and the complex influences which we call 
culture. But even there science has stood 
beside the authors of progress to advise, to 
help and sometimes to guide. 

Now as science and technology are so 
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vital to the future strength and prosperity 
of the British Commonwealth, the great 
problem is to discover the conditions under 
which they are most likely to flourish. 
The records show that both depend very 
much on co-operation, and upon the 
linking up of a long chain of discoveries, 
one with another; so that it is quite 
exceptional for the credit of a great ad- 
vance to belong to one man or even to 
one country, although it will always re- 
quire the flash of inspiration to weld the 
links into the chain. Today the develop- 
ment of teamwork in laboratories has 
made this truer than ever. For many 
reasons, but principally because of the 
increasing complexity of research and its 
cost, such teamwork is becoming more 
and more the rule. We need not repine 
at this but it would be a disaster if the 
individual inquirer working in_ his 
own laboratory were discouraged out of 
existence. 

While the quality of scientific work is 
determined by the quality of the scientist, 
the quantity of scientific output is deter- 
mined by the money available. The 
rapid progress of science in Britain has 
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owed much to the growing support and 
sympathy of government and individual 
benefactors and to the endowment of 
research by industrial corporations. How- 
ever, the basic discoveries that mark the 
great advances depend on the accident of 
individual genius and are not at our 
command. 

The scope and intensity of the progress 
of applied science and technology on 
the other hand bear a close relationship 
to the circumstances of the time. Tech- 
nology, as the combination of scientific 
knowledge with the practical ability of 
the inventor to apply that knowledge to 
the solution of particular problems, comes 
into play with any new discovery of 
scientific fact. The latest particle of 
truth is then developed, according to the 
circumstances of the time for military, 
commercial and medico-social purposes. 
It is a sad refiection that the urgent de- 
mands of modern war can _ produce 
advances that might otherwise take many 
years to develop, especially in the costly 
and uncertain experimental stages. 

The rivalry between large commercial 
undertakings, using science to improve 
their products or processes as a direct 
means of competition, has produced a 
steady flow of improvements and develop- 
ments. However, the fruits of this form 
of scientific work are sometimes open to 
considerable misuse. The discoveries of 
these commercial laboratories may be 
kept secret and in some cases a number of 
teams may be working on the same prob- 
lem, which may have alreacy been solved 
elsewhere. The buying up and suppres- 
sion of patents and discoveries to protect 
equipment from becoming obsolete has 
also been known to happen. I am glad to 
see, however, a change of outlook in the 
growing quantity of publication of the 
results of industrial research. 

It would seem that science has become 
so well established that nothing can stand 
in the way of its natural growth. This is 
far from the truth. Since the earliest 
times the natural conservatism of laymen 
has acted as a powerful brake to the 
adoption of new ideas which do not 








rigidly conform to his notion of the correct 
order of things. In its most violent form 
it will produce unreasoning anger, utter 
disbelief in face of the clearest evidence or 
provoke plain ordinary laughter. The 
storm raised by Darwin’s 
Species is an excellent example where 
even scientists failed to keep an open 
mind. 

The position seems better today and | 
am sure that Sir Harold Hartley, our im- 
mediate past President, spoke for all 
scientists when he said: 

“Today, with our greater understand- 
ing, there is humility in the minds of all 
scientists. The further we penetrate into 
Nature’s secrets the more clearly we see 
the ever-receding frontiers of knowledge.” 

The resistance towards anything new or 
unexpected is balanced on the other hand 
by bursts of enthusiasm that some particu- 
lar discovery or invention will see the end 
of all our troubles. The belief in the 
philosopher’s stone seems to be just as 
great as ever. 

As the front of pure science has ad- 
vanced so its lines of communication to 
practical exploitation have got longer and 
longer. The time was when the whole 
process of discovery, application and ex- 
ploitation could be achieved by one man. 
In our time a great army of scientists, 
technicians, inventors, designers and pro- 
duction engineers are required to keep the 
lines of communication open. Quite how 
important some of the members of this 
follow-up team have become is not always 
appreciated. In his presidential address 
in 1948 Sir Henry Tizard emphasised this 
point when he said: 

‘““All depends on good design and pro- 
duction. Our weakness in the war was 
not to be found in what was best to do, 
nor in the scientific work of how to do it. 
It was when the stage of design and pro- 
duction was reached that we fell short of 
the best standards.” 

This was true already when Whitworth 
invented the screw micrometer, which 
was subsequently put into production in 
Germany and the United States, and up 
to the 1914 war all micrometers had to be 
imported into this country. 


Lord Lister 


Origin of 


September, 195! 





John Bennet Lawes 


To Professor Kipping of Nottingham 
goes the credit for the basic work which 
led to the development of silicones in 
Russia and the United States, and yet 
until this year we have been dependent 
on imports from America of marketable 
silicone products. 

There are many cases in the Navy where 
a piece of apparatus has been used opera- 
tionally exactly as the inventor put it to- 
gether, with all the resulting disadvantages 
in maintenance and efficient operation. 
The limitation in performance, except in 
some cases, iS practical as opposed to 
scientific. Where the basic scientific prin- 
ciples are known by all nations the ad- 
vantage lies in the good design of equip- 
ment for practical use. 

A more general and far-reaching matter 
for concern, and possibly the most vital 
factor affecting the industrial application 
of scientific research, is the lack of a 
co-ordinated system of scientific and tech- 
nological education in this country. Ex- 
cellent as they are, the existing institutions, 
which have grown up to meet particular 
circumstances, do not produce anything 
like enough trained technologists to meet 
the urgent needs of scientific development 
in industry and to provide leaders for the 
future. It is to be hoped that the new 
and rather uncertain science of education 
will develop sufficiently quickly to point 
the way to a speedy solution of this 
problem. 

The shortage in Britain of “personne! 
trained and eager to apply scientific 
knowledge and scientific methods to 
practical ends’—as Sir Ewart Smith said 
last year—is only one of the many shott- 
ages which the world is now facing. 
Among them are food, non-ferrous metals, 
steel alloy metals and sulphur. These 
very shortages are due to the scientific 
complexity of present-day life and it 1s 
only by science that they can be over- 
come. Naturally there are many ways 
of tackling this problem; but the most 
obvious are firstly by improved design to 
secure economy in production and the 
minimum use of scarce materials. Sec- 
ondly by the development of substitutes 
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made from raw materials which are still 
abundant. Thirdly by the reclamation of 
scrap and tmproved methods of using 
jow-grade ores. Finally the development 
of renewable raw materials such as timber 
to satisfy the world demand for cellulose. 
Some of these shortages are partly due to 
the huge inevitable waste of war and its 
consequences, and partly to the lack of 
any comprehensive survey of the world’s 
resources and requirements. It is only 
by an accurate knowledge of the world’s 
resources that we can foresee the scope and 
magnitude of the future problems that 
science and technology have to meet and 
that only they can solve. 

It is, therefore, good news that the Eco- 
nomic and Social Council of the United 
Nations has resolved “to promote the 
systematic survey and inventory” of those 
resources which are not already covered 
by the Food and Agriculture Organisa- 
tion. 

We have evolved a civilisation based on 
the material benefits which science and 
technology can provide. The present 
shortages are a timely reminder of the 
slender material foundation on which our 
civilisation rests and of our dependence 
upon science and technology. 


THE CONCLUSION 


The pursuit of truth in itself cannot pro- 
duce anything evil. It is in the later stage 
when the facts dug up enter the process of 
application that the choice between the 
beneficent and destructive development 


has to be made. It is quite certain that 
it is an exception if any particular dis- 
covery cannot be used equally well for 
good and evil purposes. Happily the 
beneficent exploitation of scientific know- 
ledge has kept pace with its destructive 
application. 

In a mid-century article The Times put 
it this way: ‘°° It has been an age 
of great achievement. The lines of pro- 
gress in which the Victorians trusted have 
been pursued farther and faster than they 
foresaw. Scientific discovery, from which 
above all their doctrines of progress de- 
rived, has swept forward on an enormous 
front. The conquest of the air has made 
possible an intercourse and understanding 
between distant peoples such as our 
ancestors could not imagine—and it has 
been diverted to the vast destruction of 
men and cities. The invention of wireless 
telephony has opened a channel through 
which liberating truths might be pro- 
claimed to all the listening earth—and 
every would-be despot has used it to 
suborn the blind masses into the worship 
of false gods. The medical art has 
performed miracles; the cures of im- 
memorial pestilences have been found, 
infancy has been safeguarded and old 
age tended, so that the normal expectation 
of life has been extended by years— 
aside from the new and universal appre- 
hension of sudden death.” 

To my mind it is vital that the two sides 
of scientific development are fully and 
clearly understood, not only by the re- 
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search scientist, inventor, designer and the 
whole scientific team, but also by all 
laymen. The instrument of scientific 
knowledge in our hands is growing more 
powerful every day, indeed it has reached 
a point when we can either set the world 
free from drudgery, fear, hunger and 
pestilence—or obliterate life itself. 

Progress in almost every form of human 
activity depends upon the continued 
efforts of scientists. The nation’s wealth 
and prosperity are governed by the rapid 
application of science to its industries and 
commerce. The nation’s workers depend 
upon science for the maintenance and 
improvement in their standard of health, 
housing and food. Finally superiority or 
even our ability to survive in war is a 
direct measure of the excellence and 
capacity of the scientific team. 

This team of research workers and 
engineers has a dual responsibility, one 
for its work and the other as informed 
citizens, and it can only fulfil its proper 
functions if its members have a sound 
general education as well as a thorough 
training in science. It is no less important 
that the people who control the scientific 
machine, both laymen and _ scientists, 
should have a proper understanding and 
appreciation of what science has grown 
into and its place among the great forces 
of the world. 

It is clearly our duty as citizens to see 
that science is used for the benefit of man- 
kind. For, of what use is science if man does 
not survive? 
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a Electron diffraction reflection pattern of a 
silicon carbide crystal. 


METROVICK ELECTRON DIFFRACTION CAMERA 


METROPOLITAN-VICKERS ELECTRICAL COMPANY LIMITED, TRAFFORD PARK, MANCHESTER, 17 
Member of the A.E.1. group of companies 


WEAEXOLED Equipment for Science and Industry 








PERMANENT 
GLASS 
COLOUR 
STANDARDS 


The Lovibond 


Comparator 


with a choice of over 200 

different discs for pH, chem- 

ical, medical and grading tests 

1S 

Now AVAILABLE FROM STOCK 

Write for literature to the sole makers 
THE TINTOMETER LTD 
SALISBURY WILTSHIRE 


| Telephone: EUSton 4282 





BOOKS ic sscck cr nen 


& STANDARD BOOKS 

ON CHEMISTRY—PURE AND APPLIED, PHYSICS, 

MATHEMATICS, BIOLOGY, PSYCHOLOGY, 

ENGINEERING, AGRICULTURE, STUDENTS’ 

TEXT-BOOKS FOR ALL SCIENTIFIC EXAMINA- 

TIONS SUPPLIED. CATALOGUE ON REQUEST. 
Please state interests when writing 


SCIENTIFIC LENDING 
. LIBRARY 


Annual subscription from 25 shillings 
The Library covers a wide range of subjects and 
is invaluable to schoolmasters and students. 
Prospectus post free on request 
THE LIBRARY CATALOGUE revised to December, | 949, con- 


taining a classified index of authors and subjects. Pp. xii + 1152. 
To subscribers 17s. 6d. net. To non-subscribers 35s., postage Is. 


SECOND-HAND BOOKS 


140, GOWER STREET, LONDON, W.C.I 
Large stocks of recent editions of 
scientific and technical works available 


LONDON 


H.K. LEWIS & Co. Ltd. 


136, GOWER STREET, W.C.1 


Established 1844 

















ONL POSTS * is A ARO! NAO aa ARTE ENGLER IER NS ean Liye 











